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RELATIONS OF THE STATES WITH 
THE BUREAU OF PUBLIC ROADS. 

G. P. COLEMAN, Highway Commissioner of Virginia. 

HEN I was asked by your program commit- 
tee to take this subject I thought it would 
be advisable to send out a general letter to 

the various States, requesting them to give certain 
specific information, and with that in mind, I pro- 
pounded the following questions: 

First. The projects which have been turned down 
by the Bureau of Public Roads, and their reasons for 
so doing, with suggestions for meeting these objec- 
tions and a summary statement including the projects 
which have been approved. 

Second. The objections, if any, which the States 
have to the law itself, and the rules and regulations 
of the Department of Agriculture, with suggestions 
for the improvement of the same. 

I have received replies from 28 of the States. These 
replies have covered such a broad: field that I am 
afraid in dealing with them this paper will infringe 
on the fields of some of the others. 

One thing that has been brought out very posi- 
tively and clearly, is that the cooperation between 
the various State departments and the Bureau of 
Public Roads has improved tremendously in the past 
12 months. Mr. MacDonald and his bureau would, 

I am sure, feel very much flattered and encouraged 
from the reading of the letters which have been sent 
in. From these letters I gather the following facts: 

CONCLUSIONS FROM REPLIES. 

First. That ninety-odd per cent of the projects 
which have been submitted to the bureau have finally 
been accepted, and that in the few instances where 
projects have not been accepted the bureau has been 
well within the law and that the States themselves 
have been satisfied that the decisions were correct. 
The last amendment to the act cleared up the major 
difficulties in so far as the post-road feature is con- 
cerned, as I have received just one suggestion which 
merely elaborates on the present law, and which will 
be covered by question No. 2. 

Second. Replies to the second question ‘‘Objec- 
tions to the law itself and the rules and regulations of 
the Department of Agriculture, with suggestions for 
the improvement of the same,” indicate that, on the 
whole, the law itself is generally satisfactory. How- 
ever, there are suggested changes from quite a num- 
ber of the States which should receive our careful . 

consideration: First, that in some of the States, 
where the development has not been general and 

(3) 
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where the Government itself is a large holder of the 
property, some amendment should be prepared which 
would give to the Department of Agriculture, on the 
request of the State, certain latitude in the expendi- 
ture of the State’s allotment in excess of the 50 per 
cent now allowed by the Federal law. If you will 
make a study of this situation I am sure that you will 
agree with me that we should make some effort to 
meet this situation, for some of the States, particu- 
larly those just east of the Rockies in the Middle 
West, will find it difficult, if not impossible, to meet 
the Federal aid. 

It would be advisable for the bureau to establish a 
different set of standards of construction for both 
highways and bridge structures for the different sec- 
tions of the country. The necessity for this is par- 
ticularly apparent in these sparsely settled communi- 
ties. It will be readily seen that what would be char- 
acterized ‘‘as substantial in character’ in Nevada 
would not meet traffic requirements of Massachusetts 
or New York. It has also been suggested that on 
particularly long projects some arrangement should 
be made for the acceptance of these projects in sec- 
tions. I think, as a matter of fact, that this is largely 



covered by the contracts as drawn by the States and 
can be made without change of the rules and regula- 
tions or reference to the Bureau of Public Roads. 
The Government should participate in the making of 
surveys, plans,.and estimates. This question has been 
up before the association at various times and there 
has been a wide difference of opinion, but we have 
generally agreed that it was not of sufficient impor- 
tance to ask for an amendment to the law. 

It is the general opinion of all of the States that the 
Bureau of Public Roads has been slow in its acceptance 
of projects and in paying on the projects. 

DELAY IN PROJECT APPROVALS. 

Delay in approval of projects seems largely due to 
incomplete understanding by the bureau of the con- 
ditions which obtain and to the State department’s 
failure to prepare the plans and estimates as required 
by the bureau. This situation can, I believe, be very 
readily cleared if the bureau will place a resident 
engineer in each State with instructions to go over 
the proposed project when the surveys are being 
made and plans prepared, and the project can then 
be accepted or rejected on the submission of the plans 
and estimates, the bureau acting on the recommenda- 
tions of its engineers. Then any small technical de- 
tails or defects in the plans and estimates could be 
cleared up after such acceptance and as the work 
progresses. This would obviate the delays caused by 
revisions and the necessary resubmission of plans. 

The letters clearly set forth the desirability of such 
a course on the part of the bureau; that is, placing 
an engineer in each State, an engineer of sufficient 
ability to be vested with very broad authority. The 
State departments are also of the opinion that work 
would be greatly facilitated if the district engineer 
was given full authority to pass on all questions other 
than those of policy. This would undoubtedly lead 
to a better understanding between the departments 
and the bureau. It has also been brought out that 
should this be done it will undoubtedly lead to a 
better working understanding and the establishment 
of that confidence between the departments and the 
bureau which should always exist to accomplish the 
best results. It is very generally conceded that all 
of us are anxious and desirous of constructing roads 
of such type and character as will carry the traffic of 
the various sections. The signing of the contracts, or 
agreements, by the highway departments and the 
Department of Agriculture should be a sufficient evi- 
dence of this fact, and therefore the departments, 
acting with the resident engineer, should be allowed 
to make such minor changes as the work progresses 
as may be deemed necessary, without reference to the 
bureau or being required to resubmit project state- 

ments, provided that the costs are kept within the 
amount of estimates agreed on. ‘To illustrate; it is 
sometimes advisable to increase the size of a water- 
way, or do away with others, or change their location. 
It is also a very common occurrence that a slight 
change in grade or alignment will improve the general 
character of the work very materially. All of us can 
bring to mind many instances where changes could 
be made to improve our work, but on account of 
incidental delays they are not undertaken. 

THE PAYMENT OF VOUCHERS. 

Relative to the delay in payment of vouchers which 
has evidently caused a great deal of concern and some 
inconvenience to a number of States, I think, judging 
from my own experience, that this will be largely 
cleared up as the departments themselves become 
familar with the necessary red tape, or routine. I 
would suggest that the bureau should establish a 
definite time for vouchers to be received and payments 
to be made each month, and that vouchers received 

after that date would automatically pass for payment 
to the following month. This would then place the 
burden on the district engineers and the departments. 

It is the consensus of opinion that the bureau has 
been and is unnecessarily technical in the requirements 
of details for bridges. It is also the general opinion 
that some arrangement should be entered into whereby 
the departments would be allowed to begin work 
before projects are finally accepted by the United 
States Department of Agriculture. A great deal of. 
delay and unnecessary expense has been caused by 
the present arrangement. It therefore occurs to me 
that this condition could be very readily met by the 
bureau, should it require, first, that the department 
would take the responsibility for the cost of the work 
should the bureau finally not approve it, but that the 
Government would participate to the full 50 per cent 
should the project be accepted; second, that the bureau 
should be notified before work was started on the 
project in order that it might make such inspections 
as it deems proper. 

The bureau could, with very great advantage, 
revise its rules and regulations and eliminate repeti- 
tions and ambiguities. The adoption of these sugges- 
tions will do much to bring about a thorough under- 
standing and to advance the big road interest of the 
country. 

The foregoing is largely taken from the representa- 
tions of the other States. My experience has been 
most satisfactory. It is barely possible that, as Vir- 
ginia is a nearby State, the bureau has been trymg 
out the experiment of placing an engineer in the 
State to work with the department, and it has worked 
well and has certainly facilitated our work. 



DISCUSSION OF MR. COLEMAN’S PAPER. 

By E. W. JAMES Assistant Chief Engineer, Bureau of Public Roads. 

It can not but be gratifying to one who has been 
closely associated, both in technical and executive 
lines, with the Federal aid road work to have the 
relations between the Federal Government and the 
several States in this large undertaking referred to so 
pleasantly as they have been by Mr. Coleman. 

In speaking for the Bureau of Public Roads, I 
know that I can emphasize the effort that has been 
made by everyone connected with our part of the 
work to make the many details of cooperation as 
clear and as swiftly operating as possible, and just 
as it takes two to make a quarrel, it takes at least 
two to establish harmony, and no matter how great 
our efforts may have been we recognize fully that the 
States on their part have been considerate, patient 
and thoughtful to a marked degree in cooperating 
with us. 

FEW DISAPPROVALS OF PROJECTS. 

I shall follow Mr. Coleman’s paper closely in this 
discussion and refer first, as he did, to the few dis- 

approvals which have occurred in the history of 
Federal aid. Mr. Coleman had no objections to offer 
and said that the States themselves so far as his 
record showed were satisfied that the decisions were 
correct. To this might be added the other side of 
the matter, that with few exceptions we have known 
in advance that the States were ready to accept a 
disapproval before it was made, and in a few cases 
that information was voluntarily furnished us by the 
States. In this connection, however, it is very in- 

teresting to note that the dire word, ‘politics,’ has 
been associated with only one project that has come 
under our consideration. The routine of the bureau 
requires that all important correspondence between 
the district engineers and the States shall be forwarded 
to the Washington office for information. This is not 
an idle regulation because that correspondence is all 
scanned and some of it read with care. In one of 
our districts we were able to follow the events in this 
one case of politics very clearly. The field man had 
reported to the district engineer that it was quite 
clear that the location of the road and the selection 
of the project were entirely influenced by political 
considerations. The district engineer felt that it was 
not wise for this statement to appear in the record 
and informational correspondence which went over 
my desk indicated that the district engineer had 
written a short note to this field inspector returning 
the report and asking him to omit that statement or 
frame it in some other form. The report of the field 
inspector reached our office in due course attached 
to the project in question. Memory came to the 
rescue. The carbon copy of the informational letter 
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was dug up and it was found that it applied to the 
suspected project. Obviously, the project was at 
once disapproved and so far there has been no after- 
math. 

Mr. Coleman cites a suggestion made by several 
States that an amendment should be prepared which 
would give the Department of Agriculture on the 
request of the State some latitude in the assignment 
of aid in excess of 50 per cent now allowed by the 
Federal law. From the point of view of cooperation 
between the States and the bureau, Mr. Coleman’s 

suggestion answers itself. The department has neither 
the authority nor the discretion to allot funds in ex- 
cess of 50 per cent and the only relief on this point 
is through Congress. 

With respect to establishing different standards of 
construction for both highways and bridges in different 
parts of the country, there is this to be said: In the 
first place, the bureau has gone as far in this direction 
as it believes it can go under the present law. The 
large percentage of cheap work is actually in the States 
where cheap work appears to meet the current high- 
-way needs. The requirement of the law is not relative, 
but precise, and the bureau can not go much further 
than it has gone in approving the cheaper types of 
work. In this connection, also, it is interesting and 
perhaps amusing to note that on those roads which are 
eventually approved for lower types of construction, 
the first papers, apparently in an effort to make the 
road appear important, indicate a traffic which in 
many cases hardly warrants the construction of the 
type of road asked. Then when the type is brought 
into discussion, it is frequently pointed out that after 
all the traffic is not quite so heavy all the year round 
as the average cited would make it appear. 

HANDLING WORK IN SECTIONS. 

The suggestion has been made that for a long project 
some arrangement should be made for handling the 
work in sections. Such an arrangement now exists. 
It is possible to submit a project statement covering a 
road 60 or 70 miles long and have it approved as a 
whole. Later the road may be surveyed, plans and 
specifications and estimates made for it. by sections, 
and each section or groups of sections in consecutive 
order or not at the option of the State may be put 
under agreement. Representatives of the States are 
referred especially to Minnesota, Illinois, and Georgia, 
in which States this arrangement is very common. 
At the present time there is under consideration by 
the bureau, and it appears now very probable that the 
bureau will be ready shortly to recommend to the 
Secretary of Agriculture, an amendment of the Stand- 
ards Governing the Form and Arrangement of Plans, 
which will provide for second-class surveys. This 
arrangement will meet the suggestion of Mr. Cole- 



man; not that the Government shall participate in 
the making of surveys and plans, but that the heavy 
items of expense, where clearing or new location is 
necessary, shall be properly construed as a part of 
construction and paid for as such. This arrangement 
presupposes the submission of a very simple survey 
on which approval will be based, and after the project 
agreement has been entered into the work of clearing 
may then proceed and complete plans be submitted 
later before payments are made. It is believed that 
this scheme will adequately meet the burden of objec- 
tion to the present expense of some surveys. Figures 
which have come to our attention from the States of 
Kansas and North Carolina, and the cost of our own 
forest surveys, have convinced the bureau that under 
ordinary conditions the requirements of the present 
standards governing the form and arrangement of 
plans are neither onerous nor unduly expensive. 

SPEED IN CONSIDERING PROJECTS. 

The objection raised by most of the States that the 
acceptance of projects has been slow is perhaps a just 
one, although it does not seem: possible under the 
present law to quicken it substantially. The bureau 
maintains the closest control over the field work of 
the districts through a monthly report and does not 
hesitate to be critical of its district engineers when the 
work received from the States is not expeditiously 
handled. It is a fact, however, that conditions are 
irregular. In some districts the record is first class 
and in others not so satisfactory. Our recent monthly 
reports show that over half of all project statements 
handled pass the district offices in an average of 
5 days. Ninety per cent of the project statements 
pass the chief engineer’s office in 4 days. Of the plans, 
specifications and estimates, over half pass the dis- 
trict offices in an average of 54 days and about 90 
per cent pass the chief engineer’s office in 34 days. 
Such delays as have occurred in the handling of plans, 
specifications, and estimates are the result of differ- 
ences which are serious enough to be given special 
consideration. It is a fact which must be noted that 
the conduct of a project very often looks bad through 
no fault of the bureau. For instance, we are some- 
times at a loss to understand how it is possible for a 
State to advertise, receive, and open bids, enter into a 
contract, and begin work before plans are available 
for our district engineer. This procedure occurs in a 
very large number of instances. If the plans for the 
work are sufficiently advanced for the State actually 
to begin construction, we think that they must be 
ready for the district engineer in a sufficiently com- 
plete form to be passed rapidly to approval. Obviously, 
no amount of effort on the part of the bureau can ex- 
pedite the handling of plans which have not been 
received. 

Mr. Coleman’s suggestion that conditions will be 
still further improved, however, by placing a resident 
engineer in each State is the plan which the bureau has 
adopted as the probable remedy. In fact, such State 
representatives have already been placed in States 
where the work is sufficiently heavy to warrant it, 
such as New Hampshire, Massachusetts, Pennsyl- 
vania, Ohio, West Virginia, Virginia, North Carolina, 
South Carolina, Georgia, Alabama, Mississippi, Texas, 
Arizona, and others. In other districts, men are 
assigned by the district engineer to cover special 
States, but do not have headquarters in those States. 
In this.list may be placed Florida, Tennessee, Michigan, 
Illinois, North Dakota, Montana, Idaho, New Mexico, 
and California. These men have authority to make 
the slight changes suggested by Mr. Coleman as 
desirable. The sizes of waterway, changes in the 
location of culverts, slight changes in grade and align- 
ment, and even more important changes, providing 
they do not involve the Government in additional 
expense, can all be practically approved on the ground 
by the representative of the district engineer in the 
State. It is only necessary to carry these matters to 
the Secretary of Agriculture for approval when the 
changes are substantial in nature or involve the allot- — 
ment of additional Federal aid. 

DELAYS IN’ PAYING VOUCHERS. 

Reference has been made to the delay in paying 
vouchers. Probably no detail of the Federal-aid 
work has given the bureau more uneasiness or con- 
sumed more time in its adjustment than the matter of 
vouchering. In the first place, it should be under- 
stood that the vouchering under the Federal-aid act is 
not provided for in the act in detail. It is covered by 
general fiscal statutes, and disbursements are made 
through channels in the usual way provided for other 
expenditures. The act goes no further than to say 
that such disbursements shall be made through the 
Department of Agriculture. Therefore, the system of 
auditing, the form of voucher, the itemized statement 
of claim, and such details, are all provided for by 
general statute and it is very difficult to secure any 
change. Federal-aid vouchers receive the same 
scrutiny and the same impersonal and routine treat- 
ment accorded personal expense vouchers of our own 
field men. If any of the State officials ever have 
worked for the Government and submitted vouchers 
under the fiscal regulations of the Department of 
Agriculture, it 1s not necessary to explain to them 
the minute detail in which all such papers are con- 
sidered. 

‘Very definite and careful instructions have been 
issued and the bureau has done everything it can to 
expedite vouchering and to insure that the States 
will receive credit for all the items in their claims. 



If our instructions are carefully followed, vouchers 
can be passed rapidly without suspensions, but unless 
they are carefully followed it is very difficult to ex- 
plain questionable details to the satisfaction of the 
auditors. Many of the instructions covering vouch- 
ers no doubt appear to the States needless and arbi- 
trary. This is by no means so. For instance, the 
recommendation as strongly made as we can make it, 
that all overruns and underruns, and if possible the 
engineering claims, be deferred until the last voucher 
is solely made in the interests of the States, at which 
time these matters can be adjusted so that the States 
can use the 10 per cent as nearly at their discretion 
as possible. For, you see, the auditor has ruled that 
an item once entered as a contingency may never be 
replaced in the principal estimate. Two final vouch- 
ers under the same project agreement are not possible. 
Therefore, where projects under agreement are sec- 
tionalized and the States wish to close out each section 
separately, we ask them to voucher the sections sepa- 
rately. This and all of the other suggestions that we 
have made for vouchers are the result of fiscal rulings 
practically beyond our control, and our whole pur- 
pose has been to devise a scheme which, if followed by 
the States, will give them the least trouble and the 
freest hand in the matter. 

AVOID SMALL VOUCHERS. 

The last step we took in an effort still further to 
expedite vouchering was on October 4, when a letter 
was issued to all of the States requesting that they 
withhold vouchers until the claim was sufficiently 
large to require a payment of at least $1,000 Federal 
aid. This was done because we found that 35 per 
cent of the vouchers submitted to the office would 
involve less than $1,500 Federal aid and 30 per cent 
of them involved less than $1,000. The work of 
checking and auditing a normal voucher is practically 
as great for $100 as it is for $1,000. So it was felt 
that considerable relief could be had, both by the 
States in preparing vouchers and by the bureau ‘in 
auditing, if the comparatively large number of small 
vouchers could be reduced. Some States expressed 
surprise at this request of ours, but it is a fact that 
we were receiving a considerable number of vouchers 
involving less than $250 of Federal aid and we have 
received them as low as $142. As a result of the 
suggestion made October 4, there was relief almost at 
once, and for this the bureau extends its most cordial 
thanks to the States. 
in October, 17 or only 6 per cent were under $1,000. 
In November, out of 303 vouchers only 5, or 12 per 

cent were under $1,000. 

All vouchers which have been in suitable condition 
for paying; that is, which have contained no uncer- 
tainties about which there has been correspondence, 
have passed the office in an average of 10 days. This 

Out of 285 vouchers handled 

covers checking, auditing, and all work from the time 
the voucher is received until it is scheduled to the 
disbursing officer for payment. It is surprising, how- 
ever, What a large number of arithmetical errors we 
find in the vouchers. 

WORK BEFORE PROJECT APPROVAL. 

In connection with the vouchering, as in connection 
with the handling of plans and specifications, the 
bureau is sometimes at a loss to understand how it is 
possible for a State to have the authority to inaugu- 
rate construction, proceed for 90 days, and submit 
three intermediate vouchers, when apparently they 
have not authority to sign a contract with the Secre- 
tary of Agriculture for the prosecution of the work. 
When I left Washington numerous vouchers were 
being held on the desks until the execution of project 
agreements. In one State four or five different pro- 
jects, involving from one to three vouchers each, were 
still without executed agreements. Our records show 
that the project agreements ready for signature were 
sent to that particular State in July and August, but 
they had not yet been returned. Of course no pay- 
ments can be made until the formal contract with the 
Secretary has been executed. 

It has been suggested that the States should be al- 
lowed to begin work before projects are finally ac- 
cepted by the Department of Agriculture. This mat- 
ter we believe has been pushed as far as it can be 
under the law. At the present time just as soon as 
the district engineer recommends that the plans for 
the project be accepted, the State may proceed with 
construction. The law as it stands is clear that the 
projects must be technically approved before, not 
after, work is done. 

The bureau had hoped that the rules and regula- 
tions were reasonably clear, but Mr. Coleman suggests 
a revision to cut out repetitions and ambiguities. 
The States may be assured that if the rules and regu- 
lations are not clear, the bureau will not hesitate, 

on any of their specific suggestions, to remedy such 
defects. 

These brief references cover the matters raised by 
Mr. Coleman, but before I conclude, I wish to take 
up one or two other matters indicating the value of 
cooperative effort and how it may be still further 
increased. 

A STATE DEPOSITORY SUGGESTED. 

In the first place, some States could further assist 
in the operation of the Federal aid law by selecting a 
State depository. If this is not now possible under 
the State law, the State highway department might 
well initiate State legislation providing a remedy. 
There are still nine States, which is nearly 20 per cent, 
that use county depositories, necessitating pay- 
ments directly to county officials. The Federal law 
specifically permits this condition, but it is not con- 



venient and leads directly to difficulties of adminis- 
tration in return for which there are no discernible 
compensating advantages. There have been some 
rather amusing incidents which have occurred in 
these nine States in connection with the county deposi- 
tories. Not long since one of these unfortunate de- 
partments wrote to the bureau requesting revisions 
of the project agreements on 35 separate projects. 
Now the number of revisions to agreements is caus- 

ing us a great deal of work, much of which we con- 
sider unnecessary, and in this particular case there 
seemed to be no reason which we could see from a 
distance requiring such revisions. The county was 
the depository for each project. The State wished to 
make the State highway department the joint deposi- 
tory to receive only the amounts payable for engi- 
neering. A very simple method was suggested by 
the bureau whereby the State could secure as we sup- 
posed the same result much more easily. We sug- 
gested that all engineering charges for which the State 
desired to be reimbursed should be withheld and sub- 
mitted on a final voucher. In this way all the con- 
struction items would be closed out in the next to 
last voucher and the engineering charges would stand 
alone in the last voucher. We suggested that an 
arrangement, which would be entirely satisfactory to 

us, could be made under which this last voucher 
would be mailed directly to the State highway de- 
partment. The voucher payable to the county could 
then be submitted by the State to the county for en- 
dorsement and the State could deposit the warrant 
to its own credit. Very much to our surprise and 
somewhat to our amusement the head of the State 
department replied to us in a letter which aroused 
our deepest sympathy, saying that he felt very sure 
that if that last voucher ever got into the hands of 
the county officials they could never be persuaded 
to endorse it over to the State highway department. 
Under the circumstances, we felt that we must go to 
the trouble of making 35 revisions to help the State 
department out of its dilemma. : 

Another interesting case occurred in a Southern 
State. One day a gentleman called at the bureau 
with a very confidential inquiry. He wished to know 
what vouchers had been paid on a certain project. 
He presented what appeared to be adequate credentials 
to back up such an inquiry, and in fact he was a 
lawyer representing certain bond trustees who were 
handling cooperative funds on the project. Our rec- 
ord showed that a series of vouchers, some half 

dozen in number, had been paid on the project at 
regular intervals to the depository indicated in the 
project agreement. The gentleman returned to his 
home town and we later learned that the county 
clerk, acting for the county commissioners who were 
distinctly hostile in their attitude toward the bond 
trustees, had in fact received these warrants and 

placed them to the credit of the county commission- 

ers instead of to the credit of the bond trustees. We 
hope that the bond trustees eventually got their 

money back. 
We are receiving almost weekly, although only 

nine States are involved, letters either from our dis- 

trict engmeers or from the State highway depart- 
ments asking us when certain vouchers were paid. 
It seems that the counties receive the Government 
warrants and either fail to make clear records or fail 
to inform the States and the States are unable to 
find out what payments have been made except by 
coming to our office. 

It appears quite clear that considerable jealousy, or 
perhaps antagonism, exists in some of these nine 
States between the State highway departments and 
the several counties, and the suggestion is made that 
a complete remedy could be had if the State law 
created a single State depository in all such cases. If 
the State highway departments could receive the 
warrants it would seem a simple matter for them to 
make the necessary payments to the counties. 

ADEQUATE INSPECTION NEEDED. 

There is one concluding matter, that I wish to refer 
to. Ido not hesitate to take it up because I am con- 
fident that you will all understand the spirit in which 
it is done. I know that the representatives of the 
States concerned will recognize my allusions with 
both sympathy and entire agreement. Our reports 
show a decided lack of adequate inspection and resi- 
dent engineermg in many localities. It is by no 
means confined to the States that use county funds 
and depend often on county engineers, but the con- 
dition occurs occasionally in may different States. 
One of our district engineers, reporting a State engi- 
neer, has said to us that if no more Federal aid is ever 

voted, the administration of the present law has done 
enough to raise the standards of engineering, develop 
specifications, and insure the integrity of construc- 
tion to make the present Federal aid worth many 
times the amount apportioned to the State. There 
are other States where through lack of funds or au- 
thority the State highway departments are tremen- 
dously handicapped in securing adequate engineering, 
both with respect to the quality of the personnel and 
in the mere number of men required. I quote from 
a recent inspection by one of our general inspectors, 
referring to a matter which the bureau has advocated 
from the beginning of Federal aid: 

“This is one of the first projects I have inspected in 
the State where thoroughly satisfactory relocation is 
being used. The old location, rambling directly up 
and down hills, with crooked eset is frequently 
abandoned for long stretches of relocation. Mr. 
advised that, rather to the surprise of the highway 
officials, the new location was found cheaper than the 
old one. It also proved to be shorter, have much 
easier grades and better alignment. This improved 
location is entirely due to the new system being tried 



out by the State this year under which all location 
surveys are to be reviewed with preliminary plan in 
hand on the ground by the division engineer and one 
of the headquarters construction engineers before 
plans are completed.” 

One of our field engineers, reporting to his district 
engineer, writes as follows: 

_“T took the opportunity of checking estimate on re- 
vised plans with original estimate in compliance with 
your request of October 28, 1919, and find a saving 
of $12,398.42 as follows: 

OVINE IT GLERVAUODS Ss: cece a ws sce ee So td $4, 906. 20 
Savile wok ex CAvetonas se! 0 ory SEL else LS 6, 477. 90 
eR MASE LIRA WN a ez Rar ny. cad a. <P ee See ye Pers oc 1, 014. 32 

12, 398. 42 

As all projects have an additional 10 per cent added 
for engineering and contingencies, which would, in 
this case, be $1,239.84, we have a total saving of 
$13,638.26. 

In making these changes the location and grades 
have been improved and the county and Government 
have been saved $13,638.26 through a careful study 
of the ground with plans in hand.” 

It would be possible to give many, many pages of 
such comment, but it is unnecessary to do so. You 
all in your respective States know the conditions even 
better than we do, and I will close my discussion by 
assuring you that the Bureau stands ready to do 
everything it can to assist where your engineering 
forces are weak, to make allowances in conditions of 

emergency, to adjust specifications so that they will 
harmonize with the abilities of your local contractors, 
the qualities of your local materials, and the general 
State practice in road construction. We recognize 
that the justification of the whole Federal aid pro- 
gram, nation-wide in its scope, depends first of all on 
successful road building, and to this end we are pre- 
pared to cooperate with the States to the fullest 
extent. 

GENERAL DISCUSSION OF PAPER. 

T. J. Enruart, state highway commissioner, 
Colorado: Let me speak of just two points that trouble 
us in Colorado in connection with our duty to the 
Bureau of Public Roads. With one we have already 
had to deal and one we can see we shall have to face 
in the future. Speaking first of the latter, all our 
funds are dependent on incoming taxes and we can 
see with our program there is a possibility of our not 

having funds enough on hand at some time, perhaps 

in this coming year, to meet the payments for the 

projects that are contracted for and on which work is 

being done. There is probably not more than $250,000 

to our credit in the State road fund. We are paying 

out as much as $200,000 in a single month. Our 

funds for 1920 will not begin to come in until about 

the 1st of February. We can see that before the 

year 1920 comes around we might be in a position 

where we would not have money enough in our Treas- 
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ury to pay the monthly estimates on the different 
projects at stake. 

The other thing that had caused us a good deal of 
trouble already, and I presume every other State has 
to contend with it, is the advancing cost of material. 

NEW MEXICO’S SITUATION. 

L. A. Gitte, state highway engineer, New Mex- 
-ico: I want to outline the problems the so-called 
public-land States face. Great portions of our lands 
are owned by a poor landlord—the United States 
Government. I will cite our own State, by way of 
example, because I know more about it. You must 
understand that New Mexico has practically 90,000,000 

acres of land, only 365,000 inhabitants, and an assessed 
valuation, on the 100 per cent basis, of some $365,- 
000,000. Practically 45 per cent of our lands are 
owned by the Federal Government and are not subject 
to taxation. 

At present we have practically no roads, no built 
roads, I mean; but we are starting out bravely to build 
a system of 3,000 miles of primary roads, most of 

which are to be surfaced with gravel. Ninety per cent 
of this primary system is laid along lines of road which 
are used by travelers in passing through the State 
from other parts of the South and Southwest. Iederal- 
aid money is going to be spent on that system. 

We.are already taxed almost 24 per cent on the 
actual valuation of our lands to meet our general 
expenses, and the last legislature added 45 mills on 
the dollar for road purposes, a tax which came within 
our constitutional limitation. But even that will not 
meet ‘the full allotment of Federal money that is 

offered. | 
I submit to you that—building roads as we are, 

over 45 per cent of Federal lands from which we derive 
no benefit by taxation—it is not fair that we should 
be required to pay 50 per cent of the cost of such roads 
in order to meet Federal aid. We can not do it. 

To illustrate the difficulty of our position let me 
cite the example of one county in our State. It is 150 
miles long, and 90 per cent of the lands in it are Federal 
owned and yield not 1 cent of return in taxation. 
Just consider that problem for a moment. In that 
county, which is sparsely inhabited, the 4}-muill tax 
(which is a continuous tax) only yields $16,000 a year 

to apply on roads. It has one through-line road which 
is 115 miles long. Figure that out for yourself. The 
available funds are not sufficient for maintenance. 

That is the reason for the resolution as to public- 

land States. It affects my State and the others of 

the 17 public-land States. We are asking that our 

proportion of participation be reduced; not for more 

than our percentage allotment. But we certainly do 

want to protect ourselves to the extent that we will 

be able to use all of the allotment and put it on this 

main-line system. 



Federal Control and Aid for Highways— 
Its Results, Merits, and Limitations. 

Thos. H. MacDonald, Chief United States Bureau of Public Roads. 

CAREFUL definition of the problem set up by 
this topic is essential to its discussion, and 
such a definition rests entirely upon a careful 

scrutiny and analysis of the uses which we are now 
making and which we will make in the future of 

our highways. 
These uses may be defined roughly in four general 

classes: First, those uses chiefly related to agricul- 
ture; second, those which are recreational in charac- 

ter: third, those which are commercial; and fourth, 

those which are military. It is believed that these 
uses are placed in the order of their importance as 
determined by their respective volumes, considering 
traffic in the aggregate for all of the 48 States. Admit- 
tedly, there are sections, perhaps of some considerable 
area, in which the ranking order of these classes would 
be changed, but conceding this it does not modify 
the principle that the roads which we are building 
must serve these four classes of traffic, and that a 

failure to provide adequately for any one of these 
classes means a shortcoming, at least, in the methods 
adopted by both the States and the Nation; so those 

laws which we now have must be judged in the light 
of the degree to which we are now providing, or, if 
given sufficient time, will provide, for these classes 
of traffic; and certainly provision for these classes is 
the whole object of the enactment of either State or 
National highway laws, or the establishment of State 
or Federal highway departments. This statement 

should be reiterated until the attention of road builders 
is focused upon the proper objective. It sometimes 
would seem that we are likely to lose sight of the 
object we are attempting to obtain in discussing the 
manner or the means through which we shall operate, 
and at such times it seems highly desirable to analyze 
in some detail the uses of the roads for which we are 
attempting to provide. 

THE SERVICES OF THE ROADS. 

The first class—those uses related to agriculture— 

includes the town-to-farm and farm-to-town traffic 
characteristic of the more purely agricultural dis- 
tricts, the country-to-city and city-to-country traffic, 
which is fast-growing and highly important where 

adequate roads have been byilt radiating into the 
country districts from the large centers of popula- 
tion, and the traffic carrying crops or food stuffs from 
productive areas which are isolated from rail trans- 
portation. Under this class should also be included 
the social, educational, and religious activities which 

produce traffic from the farms to the schools, to the 
churches, and to the community centers. 

The second—the recreational class—includes two 
distinet types of traffic, local and tourist. Local 
recreational traffic is continuous, and is not definite 

in its character. The automobile has been the means 
of combining a great deal of business and pleasure, 
and of the two kinds of recreational traffic the first is 
far more important, because it affects so much larger 
a percentage of our population, and the recreational 
value of the continuous outdoor driving, and the 
increased social intercourse which has resulted, can 
scarcely be estimated in their effect upon a large per- 
centage of the population, whose social and recrea- 
tional activities up to the advent of the moderate- 
priced motor car were very limited. 

The tourist traffic is a growing and highly important 
one, and this growth should be enlarged by providing 
adequate roads, so that interstate and transcontinen- 
tal traffic will be encouraged. There is not a single 
State in the Union that does not possess a locality 
of interest to the population both within and without 
the State. There is perhaps no better way to promote 
a broad Americanism than to make it possible, through 
the building of roads, for the people of ‘one State to 
know in a more or less intimate way something of 

the worth and beauties of the neighboring States, and 
this interest and knowledge should be sufficiently 
extensive to take in the National parks, forest areas, 
former battiefields, and the many points which, 
through historical association and tradition, or because 
of their natural characteristics and environments, 

hold much of value to every man who places his 
country above all others. While traffic that may be 
included under the term ‘‘tourist’’ is fast growing, 
it is very small in comparison to the other recreational 
uses that are beimg made of the roads, and it is impos- 
sible not to foresee that this class can never be more 
than a minor percentage of the local recreational use 
of the highways. During the season of 1918, 54,596 
private automobiles entered the 11 National parks, 
while during the same season approximately 450,000 
people visited these parks. These figures may be 
taken as indicating something of the tourist travel by 
highways when it is considered that a large amount 
of our western automobile travel makes the National 
parks its objective; but Considering that this traffic 
is spread over a period of several months, it will be 
seen that if all of the automobile travel were confined 
to a single road, it would then only equal a daily 



traflic equal to that on many country highways outside 
of the influence of any large city, and would not begin 

to compare with the traffic on our heavy-traveled 
thoroughfares in populous districts; but considering 
that the total number is spread over many western 
roads, it will be seen that this traffic is only incidental 

to the local uses which are made of the main thor- 
oughfares. 

The third class—the commercial use—is not strictly 
defined by this term, but as used in this discussion 
refers to the traffic on the highways resulting from 
the transportation of commodities between centers 
of population as differentiated from the collection of 
crops and distribution of commodities in the rural 
districts. This class of traffic would cover the carriage 
of commodities, much of it in package form, which 
now makes up the bulk of short-haul freight and 
express. No doubt there will be a very large increase 
in this class of traffic on the highways, but the traffic 
which developed during the war is not normal and 
will not continue as the normal conditions reassert 
themselves. Just what will be the length of haul 
which, because of its economy, will go to the highways, 
has not yet been determined, but the only studies 
made by the bureau, and these during the period of 
the war, indicate that 100 miles seems to have marked 

the limit of such hauls. Even conceding that this 
class of traffic will develop very largely, it must of 
necessity be confined to those areas where the terminal 
poimts, consisting of comparatively large centers of 
population, are close enough together to allow at 
least daily one-way trips of the unit of transportation 
used, and our studies indicate that the limit is being 
reduced to perhaps 50 miles. It is not mtended to 
overemphasize this limitation and is useful here only 
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to point out that such studies as have been made up_ 
to this time indicate this fact. 

The fourth—the military uses of the highways—is 
given fourth place not because of its lack of impor- 
tance, but because the probable strictly military sig- 
nificance of the highways has been very considerably 
misunderstood. Any system of highways which will 
serve the first three classes of traffic will adequately 
serve the military requirements except in certain par- 
ticular areas. In such areas the highways must be 
provided which are demanded by the military authori- 
ties as a part of their plans for their military operations, 
but it must be accented that military highways as 
such are confined to restricted areas, and, outside of 

these so-called vital areas, any system of highways 
that adequately serves the agricultural and commer- 
cial traffic will serve also the military purposes in 

either war or peace times. 

LARGEST USE OF ROADS LOCAL. 

If, therefore, it is conceded that practically all of 
the traffic which we are now carrying on the highways 
has been defined in the foregoing classes, it is at once 
evident that, with the single exception of tourist 

traffic, the uses of the roads are largely local. There 
are no traffic counts which have been made sufficiently 

extensive to indicate that a general statement may 
be made that will correctly represent by percentages 
the use of the roads that is local, but those traffic 

counts which have been made would place this use 

as high as 90 to 95 per cent, and it is very question- 

able if this percentage will decrease very materially 
even as the roads are improved, for, although the total 

traffic on improved roads increases rapidly, it is doubt- 
ful if the average daily local traffic will fall below 90 
per cent, except on those roads which, because of 

their particular location, are built primarily for tourist 
travel. 

These statements, it must be remembered, are 

intended to be very general in their character, and to 
cover the country as a whole, but it must be con- 

ceded that more than 90 per cent, and possibly more 
than 95 per cent, of the demand for better highways 
arises from the local need for such improvements. 
The developments of a national highway system 

must therefore take this fact into consideration, as 
opposed to the development of a system of national 

highways. There would be no advantage gained by 
considering the local uses of the roads as secondary. 
No plan of administration predicated on such an as- 
sumption can prevail, because it is an economic 
fallacy. That there is a demand for better facilities 

for tourist travel there can be no doubt, and that 

there is an increasing demand in localities for better 
facilities for through transportation of commodities 
is equally apparent, but that these needs now justify 

national intervention solely in their behalf or that 
they are of such a nature that they can not be met by 
a properly planned national system of highways is 
open to serious question. 

There is no evidence of fact shown by traffic counts, 
or any highway use of importance, that justifies a 

presumption that a need of national consequence is 
bemg overlooked. Now that we have the public 
support of a program of expenditures that will enable 
every highway building organization to proceed as 
rapidly as the material resources can be developed, we 
must meet in the development of our highway systems 

the economic needs of the Nation for highways in the 
order of their importance. That these highway sys- 

tems must be laid out along sane and sound economic 
Imes is all the more important when it is evident that 
such a procedure will eventually produce systems of 
highway suited to the special needs of each locality, 
and yet be entirely adequate to meet all the require- 

ments which those who are particularly interested in 

a system of national highways specify. 

ROADS AND FOOD DISTRIBUTION. 

At the present time there is no more important 
problem confronting the American people than that 
of increasing the comfort and desirability of rural life, 



thereby stimulating the production of food products, 
and of equal importance to* this is the necessity for 
providing better methods of distributing food products, 
and especially the perishable food products,:to the 
consumer without loss of time and without these 
products passing through so many hands between the 
producer and the consumer. 

Federal intervention through Federal aid, if of 
assistance toward these ends, is reasonable and proper 
from such standpoints alone; indeed, such interven- 
tion may be said’ to have become imperative. The 
city population of this country has for years been 
growing rapidly, while the growth of the rural regions 
in many places has been negligible, and too often has 
been actually negative. The towns have held too 
many attractions in the way of social, recreational, 
educational ‘advantages, but through the use of the 
motor car in conjunction with improved roads, these 
advantages in favor of town life can be largely over- 
come. é 

Beyond any doubt the war accented the need for 
more and better highways during the period of rail 
congestion, but if there is one need that the after-war 
conditions have brought close to every individual in 
the Nation, it is a need for an adjustment of conditions 
that will allow people to be properly fed and clothed 
within the limits of their incomes; and so far as im- 
proved highways will help to accomplish this, they 
certainly will be held to fill a great national need. 
The population of the country has more than doubled 
since 1880. At that time only a little over 30 per 
cent of the population was recorded by the Census 
Bureau as urban, or some 16,000,000 out of a total 

population of 50,000,000. Today out of a total popu- 
lation of approximately 105,000,000, about half, well 
over 50,000,000, are urban dwellers. The effect of 

this condition is reflected in production figures. In 
1880 the production of wheat was about 450,000,000 
bushels per year, while during the period prior to the 
war it was only slightly over 700,000,000 bushels. 
Similarly, in the case of corn, the production in 1880 
was about 1,700,000,000, while prior to the war it was 
about 2,500,000,000. War conditions as to produc- 
tion were abnormal, so prewar figures have been used 
instead of the later figures. From these figures it 
appears that the production of food has increased 
about as the rural population has increased. It is 
true that there has been some gain in the production 
of the individual on the farm, but the fact still remains 
that the total population has been increasing much 
faster than the rural population, and any effort that 
the Federal Government can make to improve rural 
conditions that will insure a sufficient rural popula- 
tion, and to provide means for bringing the producer 
and the consumer closer together, is justifiable, and 
from this standpoint alone Federal aid for roads can 
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to secure some reward. 

certainly be considered to be at this time of great 
national assistance in one of the greatest national 

problems which we have. 

BIG RESULT OF FEDERAL ROAD ACT. 

The results accruing from the Federal aid road 
law up to the present time, because of the conditions 
during the period from which we are just emerging, 
can not fairly or honestly be reckoned in the number 
of miles of finished road. The big result, so out- 
standing as to overshadow every other consideration, 
which can be primarily credited to the Federal aid 
road act, is the amount and character of advanced 
road legislation which has been written into the laws 
of every one of the 48 States. These laws, in con- 
nection with the Federal aid road act, have established 
on a firm basis, with adequate support funds, highway 
departments in all of the States which did not have 
highway departments prior to 1916. In the States 
which had highway departments prior to that time the 
legislatures have enlarged and strengthened the au- 
thority and increased the support funds of the depart- 
ments. This legislation has in general provided for 
more than the building of the Federal aid roads, and 
in some of the States has included provisions for the 
building of the roads from the greatest to the least 
important. In addition to the legislation, great sums 
of money have been made available through the levy- 
ing of special or general taxes, and through the au- 
thorization of bond issues. 

The Federal aid law should not be credited entirely 
with this changed viewpoint on the part of the public’ 
interested, but it can be credited with appealing in a 
most forceful way to that characteristic of the human 
race which is perfectly willing to exert itself greatly 

Probably without Federal 

aid the conditions after the war and the changed 
attitude of the public generally toward public spend- 
ing on a large scale would have made themselves 
manifest, but certainly the Federal aid road act can 
be credited with having turned the attention of the 
public toward the expenditure of public funds for high- — 
way purposes. 

It was not possible to go ahead with the actual pro- 
duction of roads on any considerable scale during 1917 
and 1918. During the present year a large mileage of 
roads has been placed under contract, but the pro- 
duction has still been disappointing, due to conditions 
which are now well understood; but during this period 
there has been a remarkable development in the fixing 
of systems through the classification of roads, so that 
now we have in each State a system of main or State 
roads more or less definitely fixed, and in many of the 

States other systems of lesser degrees of importance. 
Many of these systems have been worked out very 
carefully and painstakingly, in fact it is doubtful if 



the highest administrative and executive officers of 
the State highway departments have devoted as much 
of their personal attention to any other single phase 
of the highway work as they have to the actual classi- 
fication of roads. For the last three years this has 
been perhaps the chief and most important work that 
these men have accomplished, and its importance 
should not be underestimated. 

FEDERAL AID TO STATE SYSTEMS. 

The proper classification of roads is basic and 
fundamental, and it has been demonstrated in those 

States which have carried out this classification in a 
careful, thorough manner, that people acting through 
their State legistatures have provided the ways and 
means for carrying out the program of improvement in 
accordance with the importance of the roads. Let it 
here be clearly understood that the people of this 
country will support a policy of road building which is 
based on their economic needs. It has been pretty well 
demonstrated in individual States that the mileage 
of the primary State roads can not be restricted to 
too small a percentage of the total. Most of the States 
have found it necessary to add to their original con- 
ceptions of an adequate system a considerable mileage, 
and where this action has not been initiated by the 
State highway department itself it has resulted 
through legislative action. 
nitely established that a system of primary roads 
must be sufficiently extensive to give service to all 
parts of the State. It is hardly safe to fix the per- 
centage without further inquiry, but it seems evident 
from the result in States which have made a careful 
study of their economic needs, that in the neighbor- 
hood of 5 to 7 per cent of their total mileage will be 
included in their primary systems. This percentage 
may change slightly for the Nation as a whole. 
. Unquestionably at the present time Federal aid 
should be restricted to the State systems, and since 
it is true that the State primary systems can in general 
be divided into roads of first and second importance, it 
might serve the economic needs of the States to con- 
fine Federal aid expenditures to the roads of the first 

class in the primary system. It is likely that this will 
be more possible in the older States than in the newer 
States where it is absolutely necessary to develop a 
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CONNECTING PRIMARY SYSTEM. 

The step which seems necessary now is a definite 
plan of cooperation between the States and the 
Federal Government, which will insure that the 

primary systems of each State are connected up with 
the primary systems of the adjoining States, and that 
these systems, by agreement between the State and 
Federal authorities, be held to until they are properly 
improved. 
Up to the present time the Bureau of Public Roads 

has made its objective the perfecting of the adminis- 
trative relations with the States. These relations 
have in general been placed on such a basis that better 

engineering standards can be developed and enforced, 
and it is undoubtedly a duty of the Federal bureau to 
stand behind the States in their efforts to provide 
roads that will be adequate not only‘for present 
traffic but for future traffic. This point is of great 
significance, particularly in those States where roads 
are being built from bond issues and where it is doubt- 
ful if adequate maintenance funds will be provided for 
.those types of roads which will require high mainten- 

It has been pretty defi- - 

considerable mileage of roads in order to give the peo- 
ple access to all of the different sections of the State. 
That is, there are some sections in which a smaller 
mileage of high class roads is necessary to meet traffic 
demands, and there are other sections in which a 
longer mileage of cheaper roads will as adequately 
serve the traffic needs, and which is the only policy 
that the public will support at the present time. 

ance cost. 

It is true that the Federal aid act requires the 
greatest cooperation between State and Federal 
authorities in order to make the plan outlined by the 
law an efficient method of operation, and yet it has as 
its fundamental basis a plan of action that will have 
to be used more and more in carrying out large public 
or private enterprises that are undertaken in this 
country, and the sooner this fact is recognized and put 
into operation the better it will be for the industrial 
life of the Nation. 

There is now comprised in the 48 State highway 
departments and the Federal department a very large 
proportion of the engineers of this country who have 
had actual highway experience, and these agencies can, 
through cooperation, provide the most effective ad- 
ministrative organization that it is possible to devise. 
The fact that a considerable portion of these adminis- 
trative officials are in close contact with the public in 
all the different localities of the Nation, insures the 
development of the roads which will answer the great- 
est economic needs. 

MODIFICATIONS IN FEDERAL LAW. 

In the law itself there are certain modifications 
which undoubtedly should be provided for the exten- 
sions of appropriations for carrying out this act. One 
of these is the $20,000 per mile limitation, which is not 
now so much of a handicap but may later become so. 
There are roads being built where the grades them- 
selves, because of the topography, will cost without 



surfacing nearly up to the limitation now imposed by 
the law. After these road grades are properly settled 
they should be surfaced where the traffic justifies. 

In many of the sparsely settled Western States there 
are large areas of federally owned lands through which 
the State systems must be projected, and in many cases 
the roads through areas of this character are necessary 
links in trans-State or transcontinental lines. To pre- 
vent an undue burden falling upon the States which 
‘an ill afford to build such roads, consideration should 

be given to the extension of the appropriations which 
are now made for the building of roads in the forest 
areas. ‘These roads in general are of two classes—those 
which are necessary for the administration of the forest 
areas themselves and those which form important links 
in the State systems. Again, there are roads notably 
in the Western States, but found also in some other 
localities, which are of greater importance as links in 
trans-State or transcontinental lines of travel than they 
are to the immediate locality. 

If the States in which such roads occur follow a pro- 
gram of providing first those roads which meet the 
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greatest economic needs of their people, some of the 
through roads will necessarily be delayed for some 
time, and the advantage of a long line of improved 
roads on either side may be largely lost because of such 
unimproved stretches. To take care of cases of this 
‘kind consideration should be given to a provision 
which will allow the bearing of a greater part of the cost 
from the Federal-aid funds than the 50 per cent now 
specified. Such procedure would undoubtedly be fair 
and reasonable, but if adopted it should be carefully 
restricted and guarded so that the roads which ought 
to be improved as links in long lines of travel will 
receive first attention. | 

These points summarize the most important modifi- 
cations which it seems now necessary to make in order 
that the present Federal-aid law, through cooperation 
between the State highway departments and the 
Federal Bureau of Public Roads, may meet satisfac- 
torily the National need for improved roads, and insure 
the completion of roads in the order in which they 
meet the economic needs of the individual communi- 

ties and of the whole Nation. 

Making Highways Ormamental and Useful. 
JOHN A. HAZELWOOD, Chairman Wisconsin Highway Commission. 

F ALL the constructive work that is done, . 

there is none that counts more in obtaining 
good results than the planning and prepara- 

tion that goes before the actual performance. We 
realize that good roads lie at the basis of social insti- 
tutions and the associational life of every community. 

Good and attractive highways can not possibly be 
obtained unless they are planned. 

The period of achievement in the road work is not 
over, but we are entering upon new phases of: the 
problem, mainly because we are seeing things in this 
motorized age in a different light. We are in a new 
era of social development and national growth and 
the question is not whether we shall continue to 
expand but how we are.to expand. On some things 
we have spent too much time and wealth and on 
others we have spent too little. Those things upon 

which we have wasted too much are easy to criticize 
because we see the mistakes, but those things upon 
which we have spent too little may have caused great 
losses, although they are not especially apparent. 
Wealth is produced not from the existence of natural 

resources, but from the conversion of natural resources 

into some form of human use. The esthetic phase of 
road betterment does convert natural resources into 
forms of human enjoyment and should be encouraged. 

BEAUTY IS WORTH WHILE. 

It is not enough to build good road, it is not 
enough to maintain good roads, it is vitally important 
when we build and maintain good reads that we 

beautify them. Roads without embellishments, such 

as trees, shrubs, and flowers, are ugly and prosaic. It 
is not enough to consider only the financial side of 
roads; it is our duty to consider as well the joy that 
man receives traveling upon them. Any progressive 
and self-respecting community ought not to allow a 
mercenary spirit to cause it to disregard the work of 
beautifying highways. Rural forces should make 
“Scenic betterment”? one of their slogans. All over 

the New England States we find, in connection with 
trolley lines, comfort stations with trees, shrubs, and 

flowers about them, cared for at the expense of the 
railway companies. We find in many of our cities 
small parks with shrubbery and flower beds about the 
railroad depots. These companies do these things 
because they know they are rewarded for so doing. 
Rest rooms and comfort stations at regular intervals 
along the roads add greatly to the joy and comfort of 
traveling. . 

We have been careless and thoughtless in the past. 
We have permitted the woodman’s ax to destroy the 
trees we have admired as bits of forest scenery. 

PLANT TREES, SHRUBS, AND FLOWERS. 

We should plant trees, shrubbery, and flowers along 

our highways. What a splendid opportunity we have 
for getting good results from nut-bearing and fruit- 
bearing trees systematically planted and cared for 
along the public highways of this country. The ex- 
pense of planting trees, shrubbery, and flowers along 
our roads and caring for them calls for only a small 



expenditure of funds. We should realize that each 
passing year will add to our pleasure if trees and 
shrubbery are planted and protected. Little do we 
realize the returns obtained from this class of service 
which are not considered in Wall Street or listed in 
Bradstreet. 

We all admire a home with trees, shrubbery, flowers, 
and trailing vines about it. We know the pleasure 
that is excited in hearts by these adornments. We 
can not help but feel sorry for those who are obliged 
to occupy homes where no attention is given to plants, 

to flowers, and to trees. A little attention to flowers 

and trees will transform ugly lawns into spots. of 
beauty. We can not look upon a beautiful tree or a 
cluster of shrubbery without forgetting a grouch and 
getting an inspiration for higher thinking. The shade 
and the freshness of trees along the roads running out 

of any village or city are needed now more than ever 
before. Concrete roads and hard-surfaced roads of 
all kinds are cold and need some softening effect. 

BEAUTY AND PROFITS. 

Beauty and profits usually do not go hand in hand. 
However, beauty is ofttimes combined with utility and 
this is true in road building. One can note at a glance 
whether a road has had the touch of an artist. <A 
curved road is much better adapted to artistic land- 
scape than a straight one. If to this curved road are 
added the touches of the tree, the shrub, the flower, 
we have pleasing associates as we travel along. It 
does not take a landscape gardener to tell whether 
thought and attention has been exercised in connec- 
tion with highway construction. 
We are all interested in civic art. We like to put 

out best foot forward. Civic art means a constant 
endeavor to secure in our public works the maximum 
of utility combined with the maximum of beauty. 
Cities have realized the importance of this and have 
given large attention to parks, playgrounds, and 
boulevards. In fact, proper attention to roadsides 
means a definite increase in the pleasure of traveling 
and a substantial addition to the value of adjoining 
property. Cement, macadam, and gravel roads par- 
ticularly need the protecting shade of trees. 

BEAUTIFICATION WORK. 

We know that many European countries have 
spent and are spending large sums of money in 
planting and caring for trees along the highways. 
Many trees along highways are apple, plum, and 
cherry, and from these large profits are annually ob- 
tained. The southern counties of the United States 
have given some attention to the matter of beauti- 
fying the sides of roads. The counties, particularly 
of Florida, have expended lots of money in beauti- 
fying their highways. Los Angeles County, Calif., 
spends annually $7,000 a year for the purpose of 
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planting and taking care of roses along the high- 
ways. 

The beautification of one country road in Los 

Angeles County has recently been completed. The 
road, which is known as the Sherman Way, extends 

28 miles through an agricultural district near the 
city of Los Angeles. The district was originally em- 
braced in a 47,000-acre ranch, which was taken over 

by a real-estate company, and about three years ago 
the work of beautifying the road was undertaken. 
It was completed last winter and the road formally 
turned over to the county, which in future will 
maintain it. The beautification has consisted of 
the planting of rosebushes and trees along the road- 
side. The rosebushes are planted at intervals of 7 
feet along each side of the road. The different varie- 
ties of roses are grouped together. In all, there are 
approximately 80,000 rosebushes. The total cost of 
this work was practically $100,000. 

Many other counties in Califorma are annually 
spending large sums of money in beautifying their 
highways. These investments are paying well, and 

.the counties that have had this experience in beauti- 

fying their roads realize this and intend to continue 
to expend money on landscape work. 

NEGLECT OF ROADSIDES. 

We have been a little careless in the road game of 
late. Many road builders have destroyed beauty by 
permitting the careless cutting out on the side of 
roads of the blackberry, the hazel brush, the wild rose, 
and the wild crab and thorn apple. The transforma- 
tion of many roads by our so-called professional road 
builders from the rustic, beautiful drive to the barren 

highway seems almost brutal. In many cases every- 
thing has been grubbed out. Bare spots mark the 
places where beauty went up in smoke and flame. 
This change from the beautiful to the ugly has not 
been called for and should not have been permitted. 

One distracting thing along the country highway 
is that of advertising. We see the billboard de- 
stroy the beauty of many pretty glens and beautiful 
curves. The greed of advertisers has destroyed many 
beauty spots by putting up advertisements of liquor, 
patent medicines, tobacco, and corsets. This de- 
struction of beauty has been somewhat handled 
through city ordinances issuing permits or licenses. 
Women’s clubs in our cities have done much in the 
matter of curbing landscape destruction by bill- 
boards. Little has been done in rural districts to 
restrict such advertising. 

It seems that the most effective way of handling 
the question is ‘the exacting of a tax. I believe we 
could drive away much of our advertising on bill- 
boards that can reach the eye of the traveling public. 
In order to not be unduly hard on those who have al- 
ready erected their billboards, half or quarter the 



rate might be charged them until they take them 
down or have them repainted. This is one of the 
effective ways of handling this manner of destroying 
the beauty of our highways. 

NEED OF LANDSCAPE ARTIST. 

Every highway commission should employ a land- 
scape artist. Delaware has already taken that step. 
There should be a landscape artist abroad in the land. 
Nothing counts like expert advice and direction in the 
handling of important problems. We can not afford 
to let this matter of rural planning continue to be 
worked. out under our indifferent amateur policy if 
we wish to make our roads ornamental as well as 
useful. 
We all enjoy a beautiful road and drive. Nothing 

is more pleasing to pass over than a road stretching 
ahead, running by farmhouses, wayside schools, 
churches, and villages. The automobile has crowded 
two, three, and even four hours into one hour as com- 
pared with the horse-drawn means of transportation. 
A road seems to have moods and whims. Sometimes 
it stretches on and on into infinite space; sometimes 
the eye loses it in some wistful curve; sometimes it 
loiters in sunny vale. 

Some one said, “The important thing to me about a 
road, as about life, is not that it comes from somewhere 

and goes somewhere, but that it is livable where it 
goes.” The invitation to explore the unknown road 
is very alluring. The unknown road as it winds along 
is a perpetual revelation of beauty. One person 
rightly says that he greets a new road with almost as 
much pleasure as a new person and usually parts 
with it with rather more reluctance. It is curious, 

indeed, how closely roads are linked with humanity; 
how warmly companionable they are. A public road 
talks business all the time. It tells us new things 
about everything that appears in a panoramic view 
mm. the roadside. It tells about the farm homes and 
the type of farming that is being carried on by the 
owners. It is one of the most important and interest- 
ing of all of man’s wonderful institutions. 

BEAUTIFUL ROADS ARE EDUCATORS. 

We never receive our friends in our woodshed and 
break bread with them in a corner of the kitchen, 
using our ordinary linen, silverware, and dishes, but 
we receive them and entertain them in the most 
comfortable rooms in our home. We dine them in our 
most pleasant room and we use our best linen, silver- 
ware, and dishes. What for? Why, for the very 
purpose of impressing upon them that we are main- 
taining good homes. Our visitors are usually our 
friends. They bless us and make us happy and 
contented. Therefore, we are justified in spending 
a great deal of time and money in providing attractive 
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lawns, beautiful entrances, and pleasant homes. The 
pore the gateways, the entrances to our eons 
homes are the highways. 
Many of our cities understand the value of having 

inviting boulevards and streets for guests to enter. 
Large attention is given to the main entrance to 
commercial and residential centers. They beautify 
the streets with park rows, with trees, hedges, shrub- 
bery and flowers so that visitors may feel more wel- 
come. Rural communities should take the same 
interest in their roads. They should not only build 
and maintain roads but they should beautify them to 
give their friends a good impression of their homes: 
We find many so-called self-styled “practical men”’ 

who do not realize the importance of beautifying 
country highways. lLloyd-George said that there is 
nothing more fatal to a people than it should narrow 
its vision to only material things. We need beautiful 
streets and highways to stimulate the imagination 
and exalt the vision of our people. We know that good 
roads mean good schools, education, and prosperity 
and that bad roads mean poor schools, ignorance, and 
poverty. Beautiful roads are silent educators. Each 
beautiful thing makes a good and lasting impression 
upon the plastic mind of man, and when we consider 
that an ugly road makes the opposite impression we 
should realize our responsibility in the matter of 
adornment of our highways. 

NEW TEXAS ROAD MATERIAL. 

Ten miles of road outside of Rockport, Tex., 
according to the State highway department, is being 
surfaced with a material which analyzes more than 

The material is obtained 
from flats where constant evaporation of gulf water 
has left silt strongly impregnated with salts, among 
which the epsom variety predominates. 

Highway engineers declare the mixture forms an 
excellent road surfacing material, as the salts absorb 
enough moisture from the air to keep the roads damp, 
free from dust and firm on the dryest days. One 
trouble, however, is that the road becomes very slip- 

pery during wet weather, but this is overcome by 
adding a small proportion of shell and regulating the - 
the slope of the surface. 

SPOKANE, WASH., ROADS. 

Spokane, Wash., plans to build about 32 miles of 
permanent highways this year under the county pro- 
gram as outlined in the recent $3,225,000 road bond 
issue. They will cost about $425,000, or about 
$12,500 a mile. All surveys for these roads have 
been completed and it is expected that the contracts 
will be let before the construction season opens. 
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Design of Highway Drainage Structures. 
CLIFFORD OLDER, Chief Highway Engineer, Illinois. 

N discussing such a question as this, I presume all 
| of us talk from the point of view of our own State, 

modified by the injection of a little idealism. 
So i shall talk largely from the point of view of 
illinois. 

As the result of a number of years of study. we have 
adopted, in illinois, a standard width for graded or 
trunk line roads of 30 feet from shoulder to shoulder. 
Of course, we make exceptions to the rule where we 
encounter difficulties or extraordinary expense, but 
the width usually is 30 feet. Our bridge widths are 
related to this standard graded highway width. 

WIDTH OF THE STRUCTURES. 

We define drainage structures with spans of less 
than 8 feet as culverts; those with spans over 8 feet 
in length we call bridges. All our culverts are built 
the full width of the highway, so that the roadway is 
as wide over the stream as at any other point. The 
larger structures are not built so wide. That is the 
general, not the invariable rule. As a large part of 
the land in our State is prairie land, there are districts 
where one can ride mile after mile and pass only an 
occasional drainage structure over 8 feet in span. 
On such roads we frequently depart from the general 
rule and build all the structures of less span than 
30 feet to the full width of the roadway. 

Of course, we should like to have a traveled way 
without restrictions of any kind, but we have not been 

. able to bring ourselves to that point yet. In the 
matter of long-span bridges, we think in dollars and 
cents, and we cannot consider the idea of doubling 
our bridge expense, which is already heavy, even to 
secure an unrestricted roadway. 

Speaking, incidentally, of prices, it has been inter- 
esting to me to note that while road work has about 
doubled in cost, bridge work costs three times as much 
as in prewar days. For a period of 5 years preceding 
the war structural steel averaged a little less than 
3centsapound. At present, we are paying more than 
9 cents per pound, or three times as much. The aver- 
age cost of reinforced concrete bridges and culverts 
during a 4-year period prior to the war, was $12.50 
per cubic yard, including the steel; now they cost 
from $20 to $30 per cubic yard, and the steel is paid 
for as an extra. In our State more than 90 per cent 
of our structures are of this type. We are giving 
considerable thought to the problem of reducing 
the cost by revising the standard designs of a number 
of years ago, eliminating excess material wherever 

possible. 
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CLIFFORD OLDER. 

On the long-span steel bridges we have been follow- 
ing the practice of substituting for the customary 
concrete floor a floor of creosoted block on creosoted 
plank as a supporting element, and we find that we 
effect a saving in the weight of structural steel which 
will more than pay the extra cost of the creosoted 
blocks and plank as compared with concrete. 

ONE-COURSE CONCRETE FLOORS. 

We have changed our policy in regard to concrete 
floors. Formerly I was firmly convinced of the need 
of building the concrete floor of a steel bridge in two 
courses, with a distinct plan of cleavage between the 
upper or wearing course and the lower course, which 1 
considered as the supporting element, so that we could 
entirely wear out the wearing element without affect- 
ing the strength of the supporting element. 

However, after long experience with concrete roads 
(some of them built 8 or 10 or 14 years ago) we have 

now come to the conclusion that the wear of a well- 
built concrete wearing surface under auto traffic may 
be practically disregarded. So we have changed our 
practice. Weare now building our floors in one course, 
adding 14 or 2 inches to the thickness of the former 
supporting slabs and abandoning the independent 



wearing surface entirely. We find that the change is 
in the interest of economy, because it was necessary 

formerly to build the wearing course at least 4 inches 

thick, or if thinner to reinforce it to prevent cracking. 

The matter of bridge loading, and pavement loading 

as well, has been greatly simplified in Illinois since the 

last session of the Legislature. We were fortunate 

enough to be able to pass a law regulating the weight of 

vehicles which may use our rural highways, and, in- 

deed, our city streets also, with the provision, however, 

that the city governments may increase the loading 

specified by the law by as much as 50 per cent, if the 

council so desires. 

LIMIT ON THE LOAD. 

We now limit the loads to 16,000 pounds per axle. 
We thought at first we should like to have a wheel-load 
limitation, but we found that such a limitation would 
get us into difficulties with the truck manufacturers, 
and as we felt that very few vehicles would be sym- 
metrically loaded, we concluded to consent to the limi- 
tation of axle rather than wheel load. The gross load 
of the vehicle is not specified. It may be any amount, 
providing no axle load exceeds 16,000 pounds. Under 
the new law, if a motor truck could be designed to 
distribute its load equally to each of its four wheels, 
the gross load of the vehicle might be 16 tons. But in 
many cases the gross load of the vehicle is not the criti- 
cal factor; the wheels are far enough apart to act 
practically independent of each other on a pavement 
surface. 

Before this law was passed any load a man might 
choose could be carried over a pavement or bridge. A 
brick house might be moved down the road, as they 
actually did in one case, in absolute disregard of the 
strength of the road or bridge. Such objects may 
still be moved over the highways with special permis- 
sion of the road authorities having jurisdiction. Of 
course that means, in the case of practically all paved 
roads, the division of highways, or department of pub- 
lic works and buildings. 

Our practice in designing concrete bridges in the past 
has been to provide for the equivalent of a 24-ton 
steam traction engine or motor truck. In proportion- 
ing the bridges we have allowed a compressive stress 
of 1,000 pounds per square inch. We have built 
bridges designed in accordance with these assumptions, 
and 12 years’ experience indicates that they have been 
safe. Our practice in this respect has been criticised, 
but we have never had a failure of one of these bridges. 
However, for such structures, in view of the stress we 
allow, we shall probably adhere to the old loading. 

As an alternate to the 24-ton concentrated load, we 
provide for a distributed load of 125 pounds per square 
foot, if the distributed load produces a greater stress 
than the concentrated load, which it does on spans of 
more than 28 feet, I believe. 
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We feel that our bridges are seldom, if ever, sub- 
jected to these maximum loads. When we adopted 
the 24-ton load limit we had steam plow engines that 
weighed that much. But those have gone out of 
fashion, as have nearly all the steam tractors, and 
they have been supplanted by gas or oil tractors which 
weigh only 10 or 12 tons. The maximum distributed 
load is also rarely, if ever, attained. So far as I know 

the nearest approach to the equivalent of such a load, 
which our bridges have ever been called upon to 
carry has been a heavy tractor and a train of Troy 
trucks. But such a train is rarely over 50 feet in 
length, and even such a load does not produce a stress 
in a 150-foot bridge which approaches the stress as- 
sumed in the design. 

Furthermore, suppose that 1,000 pounds per square 
inch does equal one-half the ultimate strength of the 
concrete, experiments with loads indicate that we act- 
ually do not exceed one-half of the ultimate strength. 
It would require several thousand, or several hundred 
thousand repetitions of such a load in order to cause 
the structure to fail under compression; and the ordi- 
nary highway bridge will have been washed out or 
destroyed by tornado or fire before the maximum load 
will ever be sustained 1,000 or 5,000 times. 

The use of the high stress enables us to design 
economical bridges that span from 60 to 65 feet. 

ORNAMENTATION OF, STRUCTURES. 

OQrnamentation is a subject upon which it seem : that 
every one has his own ideas. Early in the game we 
found great difficulty in inducing the people to pay for 
ornamentation, but, of course, when we furnish our 
own funds we can do as we like. For some years we 
have thought we were designing fairly sightly bridges; . 
at any rate we had concluded that our bridges were not 
unsightly, until a convention of architects met in 
Springfield and told us we knew nothing about it, that 
we were designing hideous structures, eyesores, and 
all that sort of thing. But as architects and artists 
differ as much as engineers among themselves, I be- 
lieve we have as much right to our opinion as they have 
to theirs. 

Indeed, I believe that the engineer who gives some 
study to the appearance of his structure is more likely 
to produce a bridge which will please the public than 
the architect, who is apt to use too much gingerbread. 
We have some architecturally designed bridges in 
Illinois, and to me they are decidedly not pleasing 
structures. 

In our bridge designs we attempt no useless orna- 
mentation. We believe in the beauty of proportion 
and simple lines, revealing the structural features. 
Personally, I do not believe in making a girder bridge 
look like an arch by putting false curved walls along 
the side. Anybody who has ever seen an arch can tell 
it is not an arched bridge. When we design a girder 



bridge we intend it shall look like a girder bridge. If 
it is an arch, we do not attempt to deceive the public 
into the belief that it is a girder. Of course, everyone 
has a right to his opinion in such matters. 

There is one thing that we have found, and that is 
that we have been mistaken in the amount of camber 
we have been putting into steel structures. We have 
always decided how much to use by means of side- 
view drawings, and we have been led, thereby, to use 
too much. We find that the camber which seems to 
be right when viewed from the side appears to be ex- 
cessive when one looks down the roadway and sees the 
hump in the arch. And as 97 out of 100 people see the 
bridge between the rails rather than from the side, we 
have gradually reduced the camber, until now it is 
something like an average of 4 inches to 100 feet for a 
series of spans. 

DISCUSSION OF MR. OLDER’S PAPER. ” 

Witi1am F. Cooks, assistant commissioner, Vir- 
ginia: The subject Mr. Older has talked to us upon 
will cover, I think, these four headings, which I would 
group in their relative importance as follows: The 
first and most important feature of a drainage struc- 
ture is: Strength, capacity to carry the loads regard- 
less of its adequacy of size. If it is not strong enough, 
though sufficiently large, it will be dangerous. The 
next most important feature is: Adequacy, sufficient 
area to carry away the water that will go through 
it at high-flood time. Third. Durability; we want 
to build something that will be durable. Fourth. 
Appearance. 

It strikes me that Mr. Older is leaving two very 
important factors out of his calculations when he 
figures on a design that will give 1,000 pounds to the 
square-inch compression. ‘Those factors are inferior 
material and inefficient inspection. I do not question 
Mr. Older’s theory at all. But I do know that in a 
great many sections of the country we have to put 
up with inferior materials, and in the present condi- 
tion of the market for engineers and inspectors we 
have to put up with unknown quantities in the way of 
inspectors. Taking those two points into considera- 
tion, I personally would be very dubious about 
attempting for the State a work following a design 
with the stress he recommends. 

I believe in a great many instances a designer labors 
either under misinformation or inadequate data in 
regard to conditions under which the construction 
will have to be carried on. I know I have been just as 
guilty along that line as any other field engineer, and I 
don’t think that time or expense should cut any figure 
in securing the necessary data on which a design for a 
structure is to be based. I have in mind an instance 
which occurred within my experience in the last two 
years where approximately $300 additional expendi- 
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ture in collecting the preliminary data for a $200,000 
structure would have saved a good deal of embarrass- 
ment, and possibly some unnecessary expense, in con- 
nection with the construction as it was actually 
carried out. 

I think that soundings are not always adequate or 
sufficient in testing the foundations for large structures. 
In a great many instances, where the structure is on a 
solid-rock bottom, it should be tested with a well drill 
or some other means to find its thickness. Samples of 
the supposedly solid rock should also be secured. 

Another fact to be considered always is the drainage 
area. I do not believe we can tie ourselves to the 
drainage areas as they appear from an insufficient 
examination. The examination should be very 
thorough, and in addition to drainage areas, I think it 
is very important to take into consideration records 
of extremely high water from whatever cause (unless 
caused by artificial reasons, as a dam which has ceased 
to exist), and the design should be made accordingly. 

In regard to width, I heartily agree with Mr. Older 
that 20 feet should be the minimum width for our 
‘modern structures. They should be certainly that 
width to allow two vehicles to pass safely. It is 
rather a short-sighted policy to consider a 16-foot 
bridge, especially of the high-truss type. 

There is an urgent need, and has been for several 
years past, for some national or cooperative State 
legislation to decide on a definite limitation of the 
wheel or axle load to come upon our bridges. We 
design a pavement to carry a certain load, and if it 
becomes inadequate within 10 or 12 years or 15 years, 
we have nothing more to dread than a destruction of 
pavement and the pavement is of itself more or less 
cemporary in nature. But when a concrete bridge 
structure is erected it should be, if we can make it so, 
sufficient certainly for our generation if not for all time. 
Therefore, if we are to design a highway bridge 
structure intelligently we must do it with some 
definite loading in view, or else our work will be of a 
very temporary nature and will be found inadequate 
by the next generation if not by our own. 

NEW YORK’S 1920 PROGRAM. 

State Highway Commissioner Green, of New York, 
has announced that plans have been made for the 
construction of 172 roads this year. They will have 
an ageregate mileage of 725.5, of which 527.26 will 
be constructed of reinforced concrete, in keeping with 
the policy to build only permanent roads, which will 
last from 25 to 50 years under the heaviest traffic 
and at a lower maintenance cost than lower types of 
roads. It is expected that all contracts for these 
roads will be let by the end of April in order to make 
it possible to complete the roads during the working 
season. 



The Marking, Signing and Making 
| Safe of a State Highway System. 
LEVI H. NEILSEN, Deputy State Highway Commissioner of Michigan. 

trunk-line system previously established by 

law should be ‘‘improved, constructed, and 

maintained under the direction, supervision, and con- 

trol of the State highway commissioner,” he was also 

instructed to “cause all State trunk-line routes to be 

distinctly marked by signs and guideposts of a uniform 

design as may be deemed necessary for the public 

convenience and necessity,’ and ‘‘to cause to be pub- 

lished a map of the State of Michigan showing thereon 

the State and county road system.”’ Provision was 

also made for numbering the routes and showing the 
corresponding numbers on the roads shown on the 

maps. 
Following out the provisions of this legislation sev- 

eral designs were considered, with the result that a 

standard design was agreed upon consisting of a dia- 
mond 15 inches in length and 134 inches wide. Across 

the middle will appear the words “State Trunk Line”’ 
with a block ‘‘M” above and the numbers of the route 
shown below. For the markers to be used on tele- 
phone and telegraph poles a black letter on a white 
background will be used. This will also apply to 

_ markers placed on buildings and suitable natural 
objects along the roadside. 

For this preliminary marking stencils and county 
maps showing the roads to be numbered in each county 
have been prepared and instructions to the county 
authorities made ready to send out. 

These markers will be placed on telegraph and tele- 
phone poles when they are available, on both sides of 
each intersecting cross-roads with an occasional one 

in between. ‘Three to six hundred feet before a turn 
in the road is reached the white band will be widened 
and an “‘R” or “L,”’ as the case may be, shown below 
the standard marker. Where a pole is not available 
and no buildings or natural object will answer the 
purpose cedar posts will be set up and the markers 
placed on them. 

Standard railroad-crossing signs will be shown 
about 600 feet from all grade crossings. 
curves will also be marked. 

Although it is not the intention to maintain that 
portion of the routes lying within incorporated cities 
and villages previously paved, it is very necessary 
that it be plainly marked through every village and 
city. It is our intention to place direction signs at 
the intersection of the routes with improved roads 
showing distances to the nearest town. 

iF DER the legislation providing that the State 

Dangerous 

MAPS AVAILABLE TO PUBLIC. 

For the present no marking of the county road 
system is planned, although it is expected that a 
standard design for marking them will be decided 
upon within another year. The marking so far 
referred to is primarily intended for the guidance and 
information of the traveling public. In order to 
make this information most valuable, the map 
referred to must be provided and made available to 
the public. Because of the shape of the State, it 
was thought advisable to issue two separate folders, 
one showing the routes in the Upper Peninsula and 
the other those in the Lower Peninsula. This map 
is now being published and will be available for dis- 
tribution by the time it will be possible to do the mark- 
ing, which will be early next year. 

In addition to this marking it is proposed to place 
mile markers on all the routes. Locations for these 
will be determined by automobile speedometer read- 
ings. These mile markers will consist of black 
diamond-shaped boards with a white molding border 
and the standard lettering in white. These will be 
set on angle-iron posts. The posts will be numbered 
from the south to the north and from the east to the 
west. 

At the same time that the location of the posts is 
determined a variety of information can be gathered 
and compiled for future use. 

DISCUSSION OF MR. NEILSEN’S PAPER, 

Frank T. SHeets, engineer of design, Illinois: 
It might be interesting to the members of this associa- 
tion to know the system which has been adopted by 
the State of Illinois for marking the State bond-issue 
routes as constructed. We have adopted a concrete 
sign. The head of the post is 4 inches thick, 2 inches 
wide, and about 20 inches high. It is made of con- 
crete, using a white cement. The outline of the State 
is grooved into the post, and the outline then is painted 
black. On the face of the post appears the number 
at the top, ‘‘24,’’ indicating the number of the State 
bond-issue route as fixed by law. The red figure 
“142” indicates the location of this marker on the 
system, and this same number will appear on the 
State map, which we will ultimately complete, which 
will show the location of point 142 on the map. This 
142 tells a dual story. It serves to locate the point 

_in the field with reference to the map for the con- 



venience of the tourists, and also indicates the approxi- 
mate mileage from the eastern and northern terminals 
of the route. At the bottom appears the letter ‘‘L” 
or ‘‘R,” which we all know is the conventional sign 
for turn to the right or left. 

These posts have a total height of 8 feet, are 
embedded in the shoulder of the road adjacent to 
where the ditch breaks off, to the extent of 3 feet, so 
that the post stands 5 feet above the ground, just 
where the vision of the driver will naturally catch it, 
also where a headlight will pick it up at night. This 
we find is meeting with universal approval among the 
motorists of Illinois. I think we can not too fully 
emphasize the importance of properly marking the 
highway system when we build it. 
We have been including these posts as one of the 

items in our contracts, but we think we are paying 
too much for them. The contractors have been 
bidding something like $20 a piece for them, so we 
have almost come to the conclusion that the proper 
thing to do is to let the contracts for the road and the 
markers separately. 

WISCONSIN MARKER SYSTEM. 

J.T. Donacuery, maintenance engineer, Wisconsin: 
It might be of interest to say a word about the Wis- 
consin marker. We have had the system marker now 
for two seasons and it has proved very satisfactory. 
Our main truck line system is marked, beginning with 
10, and going as high as necessary. We number from 
east to west and from the south to the north. The 
plan was originally designed for the benefit of our con- 
struction men. But now we are going to give the 
public some benefit of the mile numbers. Our mile- 
posts are flat, made of 3 by 6, and are painted with the 
number of the trunk highway. ‘The first milepost has 
“1”? on the south side and ‘‘2”’ on the north side of 
the post. The next one has ‘‘2” on the south side 
and ‘‘3”’ on the north. So you you know you are in 
mile 2 or mile 3, as the case may be. Everything is 
on that basis. 

This year we are getting out a new map and are pre- 
paring an index that will tell the traveler exactly where 
he is at any moment. ‘Turning to trunk highway No. 
17, it would have an index that would give the mileage 
of every town on that highway. So he.can tell by the 
number of the milepost exactly how far it is to any 
point he wants to go. 
We have adopted and are using a very cheap method 

of marking the system. The marks are the same as 
Mr. Neilsen has described. We place them on the 
telephone poles at convenient places. We aim always 
to have a mark in sight on all trunk highways. At any 
point looking ahead you should be able to see a mark 
on a telephone post or posted on a culvert wall. The 
head walls of all culverts and bridges are painted white 
and the mark which we use is a triangle containing the 
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trunk highway number. That mark is placed on the 
right head wall of the culvert. On the left is the 
number of the culvert. 

WOOD USED ALMOST ENTIRELY. 

We use wood entirely except for danger signs, which 
are enameled steel and not satisfactory. The wood 
signs are satisfactory. If we had it to do over again 
we would use wood for all purposes. ‘They are set on 
cedar posts, which we can buy very cheap in Wiscon- 
sin. We find that we have to change quite a few 
posts, mileposts especially. We make a great many 
relocations. Sometimes we get away entirely from 
an old road, especially on what we call permanent roads. 
So we have to move a great many mileposts until the 
system is completed, and we believe wood is much 
cheaper than anything else; and until we finally 
develop the system to the point where we know we 
are going to leave it we don’t believe we will place con- 
crete marks and signposts. 

The mile marks to be placed on the signs were 
determined by speedometer measurements. After the 

“ system was selected, as provided by the legislature, 
we made what we called a conditional survey of every 
mile on the system. We have in the office a chart from 
each county showing what was found at that time, the 
type and condition of the system. At the time we 
made those surveys we located the milepost and the 
speedometers were calibrated for correctness. We ran 
out a mile of steel tape and made our speedometers 
correspond with the actual measurements within a few 
feet. Many times we had to change the tires to get 
the speedometers to read correctly. We think it is 
very accurate as far as distance is concerned. 

At the same time we located all signs. We had a 
black sign copy for the boys to use. A stake was set 
2 feet back of the point where the engineers deter- 
mined the mileposts should be placed. It was placed 
where automobile lights could reach it at night, not 
too far toward the outer edge of the right of way, and 
still, out of the way. The stake we placed carried the 
number of the trunk highway, and the number of the 
milepost. If it was a direction sign the stake carried 
the letter ‘‘D,”’ the number of the sign, and the num- 
ber of the trunk highway. The sign was painted from 
the information supplied on the sign copy, and the 
sign was erected by the county. 

In marking through cities and villages we insisted 
upon having a mile mark on each side of all street 
intersections. That is, we have two mile marks as 
near as possible to the street intersections throughout 
the cities and villages. Thatis very essential. People 
get lost in the cities and villages easier than any other 
place. So we have adopted that plan of having two 
marks in every block. When you get near the inter- 
section you know you are allright. The “‘R” or ‘*L”’ 
shows you where to turn. 



INTERSTATE COOPERATION. 

All trails passing through our State must be marked 
to correspond to our marking system. Persons inter- 
ested in marking such trails must follow our marking 
instead of theirs. So far, the marking of trails has 
done us more harm than good. 

An excellent beginning has been made along the 
line of interstate cooperation in marking the through 
roads. I believe Minnesota has carried our No. 12 
through Minnesota. Michigan has carried our No. 15 
through the peninsula. Illinois is thinking of carrying 
our No. 10. I believe adjoining States that are in- 
tending to number their highways should take the 
matter up with the other States. Our highway No. 12 
should start at Chicago. We ought to start our 
numbering at Chicago and pick up the distance at 
the border. Let Minnesota take up the distance at 
her border. The traveler would then know where he 
was all the way. If we can cooperate in that way we 
can work out a marking system that will benefit all 

the States. 
Just another word in regard to detours. We mark 

detours plainly, with large white boards, showing the 
trunk highway number and an arrow pointing the 
direction of the detour at each end, and many times 
along the detour to show the traveler where to go. 
We also have paper detour signs which we nail on 
the telephone poles instead of painting on. In con- 
nection with that, we have the patrolman maintain 
the detour on his regular section. 

EXPERIENCE IN MINNESOTA. 

J. H. Mutien, chief engineer, Minnesota: We 
have had experience with painting trail signs, which 
at first was very unsatisfactory. Professional trail 
painters came into the State and would go to various 
villages and get them to contribute money, anywhere 
from $15 to $20, to paint blue, green, or red trails. 
The location of the trails depended on where the pro- 
fessional painter got the most contributions, and had 
no relation to the best road to travel, although they 
tried to follow, I suppose, the main lines of traffic. 

The condition promised to become so bad that we 
had an act passed by the legislature making it a 
misdemeanor to paint signs on the public highway, 
except when approved by the highway department. 
So, now if it is desired to paint a trail through our 
State, permit has to be given by the highway depart- 
ment. There must be an incorporation of the organ- 
ization that is going to paint the trail. They must 
.give us a record of their organization, where the trail 
is to be painted, a complete map of it, and a drawing 
of their design. Then they are protected in that 
design. 

For instance, take the Burlington way. They have 
an orange and white marking which runs all the way 

through the State and happens to be a good marking. 

They paint every telephone pole so that you see one 
continuous line of orange and white along that road. 
They filed that mark and no one else will be permitted 
to mark orange and white markings of the same form 
on a highway. They are obligated to keep that up, 
and it is a misdemeanor for any one to deface those 
signs or reroute the road. 
We had some trouble at first. Perhaps aman with a 

garage two squares off the traffic would paint a sign 
to point his way. That sent the stranger out of his 
way and with the large body of tourist traffic in 
Minnesota it meant quite a lot. 

RIGHT-OF-WAY MARKS. 

W.S. Kewier, state highway engineer, Alabama. 
This might be of interest to some of you, especially 
the southern engineers who have been troubled as we 
have with encroachments upon the right of way. We 
established right-of-way marks. We get 50 feet right 
of way, generally, for our roads and at the P. C. and 
P. T. and on long tangents, at intermediate points, 
erect simple little concrete right-of-way marks, plac- 
ing them right on the border of the right of way. So 
far the contractors, generally, have bid from $2 to 
$2.10 apiece. The mark is about 5 feet in length, 8 
by 8 inches at the bottom, and 6 by 6 at the top, 
approximately, with the letters ‘‘R. W.” sunken into 
the upper part. It stands out of the ground about 2 
feet. We believe that will preserve our right of way 
and future trouble will be avoided by it. We have 
had a great deal of trouble in the South for years 
past. Farmers have what we call snake fences. 
When they build the fence the center of it is on the 
line; but when they improve with a wire fence, they 
build the new fence before they tear down the rail 
fence and they are very particular to put the wire 
fence on the outside. So they are constantly taking 
the right of way. We believe this a very easy way 
to retain the right of way that we secure. 

INTERSTATE NUMBERING SYSTEM. 

M. W. Torxketson, bridge engineer, Wisconsin: I 
have often thought that we should have an interstate 
marking system with each State adopting the inter- 
state number for through roads passing through the 
State. We would have a system then that would 
work nationally and locally. I think the members of 
this organization should get together and bring that 
about. A man could travel from New York to San 
Francisco following one number all the way, and as 
the trail passes through the State that number (say 

21) would be the State’s number for the road also. 

If anything like this were attempted, I believe the 
interstate numbering system should carry for each 
State a color which could not be used in any other 
State, so that the traveller would know, by the change 
in the color of the markers, when he arrived at a 
State line. 
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Maps of State Highway Systems for the Use of the Public. 
M. W. WATSON, State Highway Engineer of Kansas. 

along definite lines to meet the needs of its 
user. Maps of State highway systems may 

be classified into several classes, but the two most 
common divisions are those for use of nontechnical 
persons and those for the use of engineers. The map 
that will prove the most beneficial to the greatest 
number of people is undoubtedly in the first of these 
classes. 

To be of service to the general public a map must 
not be so designed as to confuse the ordinary user at 
first glance. Contours or other common engineering 
symbols are as Greek to the uninitiated. The most 
outstanding feature of these maps should be the main 
traveled through routes or State roads. Cities or 
villages must be shown to make the map of service, 
but they should not be so conspicuous as to make it 

N ‘MAP to be of real value must be prepared 

appear that each place is the center of the universe, as - 
is sometimes done on advertising maps. 

Railroads should be shown, but so drawn and desig- 
nated as to be more of a background than one of the 
primary features of the map. 

Waterways are a necessity to make a map complete 
and any unusual feature, such as a ford or ferry, should 
be indicated. In mountainous country and in lake re- 
gions these topographic features are of considerable 
value to the traveler as a matter of location, and 
should be shown. 

It is possible in some States to show on a State map 
all the public highways open for travel, but such an 
undertaking in one of our Central Western States 
where every section line is a road, with a few in be- 
tween for good measure, would produce a map that is 
of no real value to the public, being similar in character 
to a Chinese puzzle. 

It seems rather general practice to show the State 
or primary roads in heavy red lines, with the secondary 
roads shown by narrow red or black lines, and this 
method is especially desirable for contrast if the other 
features are in black, blue, or green. 

ADVANCE IN ROAD MAPPING NEEDED. 

Observation of the maps of the different States con- 
vinces me that no great advancement has been made 
in State road mapping to date. Some are in the blue- 
print state, while others are elaborately engraved. 
The scales and general design of the maps are as 
different as the number of States, so that a weary 
traveler crossing the State line, if guided in his path 
by published State maps, would be obliged to rest for 
a while in some shady spot to familiarize himself with 
the details. This may be an advantage in some cases, 

M. W. WATSON. 

but it most certainly would be a disadvantage if one 
is trying to make a certain place in a short time. 

One fact, however, which stands out, is that prac- 
tically all of the States have laid out a system of high- 
ways and are working toward their completion, and 
the great majority connect with each other at State 
lines so that with the completion of these State systems 
of highways a national system will be secured, and it 
will be located to serve the best interests of the States 
and their people much better, we believe, than would 
be the case were the system laid out by a national 
commission unfamiliar with the conditions in each 
locality. 

The maps of the United States Geological Survey 
are available for detailed information where they have 
been completed, but a number of States are not so 
fortunate as to have these maps for the entire State. 
Coast and Geodetic maps are also of service, especially 
in States bordering on the lakes or on the seacoast. 

PROGRESS AND SPECIAL MAPS. 

For the purpose of showing graphically the progress 
in constructing State road systems, it is usually 
advisable to have a progress map so drawn as to indi- 
cate the roads under construction, roads partially com- 
pleted, and roads completed on the State system... 



This map should first be drawn showing the State 
roads with a double line, so that as the work progresses 
these lines can be filled in, either by different colors or 
with a progressive system of symbols. 

A number of special maps are of use in the work of 
a highway department. For the purpose of explain- 
ing State bond issue elections to the people, skeleton 
maps showing straight-line connections between prin- 
cipal points are adequate when combined with maps 
showing graphically the area, population, and valua- 
tion affected. 

FRENCH ROAD MAPS. 

The French maps, which were highly praised by 
service men, are a very complete system of highway 
maps with every detailshown. ‘The country is divided 
into sections so as to permit of a larger scale than 
would be possible if the entire country were drawn 
in one map, and by referring to a key map on the back 
of each section they can be very easily combined. A 
feature of special value to the traveler which is shown 
on the French map, but which we have not found on 
any of our American highway maps, is the showing by 
symbols of all ascents and descents, special reference 
being given to dangerous descents. 
A uniformity of maps should be worked out so that 

some standard scale and design would prevail through- 
out the country. It might be advisable that some of 
the governmental mapping departments handle the 
preparation and completion of the State road maps 
throughout the Union so as to have uniformity. The 
writer suggests that a committee of this organization 
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be appointed to formulate a definite plan for uniform 
maps and to report at the next session. 

DISCUSSION OF MR. WATSON’S PAPER. 

Tuos. H. MacDonap, Chief of Bureau of Public 
Roads: Along the lines of this paper, I would like to 
say that all the map-making agencies of the Federal 
Government were recently called into conference by 
the Secretary of War and the Chief of Engineers of the 
Army, and certain general policies were formulated to 
correlate the work of the several agencies and hasten 
the completion of the Geological Survey sheets. 

Their recommendations looking to the completion of 
these sheets are now before the President. The prin- 
ciples upon which the report is based are, first, that the 
Coast and Geodetic Survey shall be held responsible for 
the primary control lines; second, the Geological Survey 
shall complete the topographical sheets in accordance 
with their present standards; third, that all other map- 
making agencies of the Government shall do their 
work in such a way that the information required to 
fill in the standard topographical sheets of the Geolog- 
ical Survey will be secured and will conform to the 
controls established. 

The Bureau of Public Roads has up with the 
Geological Survey now the proposition of getting up 
standard road maps on the basis‘of the maps of the 
Geological Survey, particularly for those States that 
now have no maps. We hope to carry that forward 
so that at least we shall have working maps on which 
to lay out and classify the roads in an orderly manner, 
and trust that they will give a national aspect to the 
proposition of road classification. 

The Alignment, Grade, Width, and 
Thickness in Design of Road Surfaces. 

CHAS. M. UPHAM, Chief Engineer, Delaware State Highway Department. 

N THE consideration of practices influencing the 
design of modern road surfaces, with especial 
reference to alignment, grade, width, and thick- 

ness, this paper will deal with generalities, and will 
not consider specific cases, for it is evident that it 
would be impossible to recommend any definite 
method or practice, within narrow limitations, at 
least, that would satisfy all conditions, as they vary 
throughout the entire country. 
When the problem of the design of highways is 

taken into consideration, there are several rules that 
can be followed and accepted as the best practice. 
These rules are the result of years of experiment and 
trial and if followed will assure ideal results and con- 
ditions, but in every locality there will be varying 
conditions and local influences which will make it 

impossible to follow consistently these fundamental 
rules of road design. 

Almost the first step in the design of a highway is 
the study of its location, keeping in mind the purpose 
which the particular highway is to serve. If the 
highway is constructed as a scenic road, then the 
problem is well defined, but if the highway is to serve 
as a lane for commercial or industrial traffic, the 
problem becomes more complicated and careful study 
is necessary in considering the question of how local 
traffic can best be served without lengthening the dis- 
tance and introducing curvature. At the same time 
the question of grade must be considered in connec- 
tion with the alignment. The ruling and _inter- 
mediate grades kept within an economic per cent, 
the total cost of grading should also be considered. 



The location of a road resolves itself into a problem 
of economic compromise, depending on the solution 
of these factors. 

THE GENERAL PROBLEM OF DESIGN. 

There are few localities where ideal alignment and 
grades can be secured, and though, in most places 
local conditions and limited topography make it 
impossible to attempt this ideal alignment, still the 
inclination to lean towards the ideal alignment should 
always exist, though it be impossible to attain com- 
pletely. 

There are more variables affecting the problem of 
width of roadway than in the choice of alignment and 
grade. The width of highways should be dependent 
upon the alignment and grade, as well as upon the 
amount and character of traffic and the character of 
the roadside. 

In considering the thickness of the pavement, there 
are several features that must be taken into considera- 
tion before a final decision can be made. With un- 
limited funds it would be a simple problem to select a 
thickness of pavement that would carry all traffic, 
but the problem is to design the economic thickness— 
a pavement that will carry the load without any sur- 
plus thickness beyond a reasonable factor of safety. 

- Of course, the thickness of a given type of pavement is 
dependent upon the character, number, and weight 
of the vehicles that it must carry, as well as the char- 
acter of the soil in the subgrade, and the possibility of 
completely and quickly draining it. 

In order to keep the consideration of the above 
subject general, and in order to form a nucleus about 
which recommendations and practice could be dis- 
cussed, I wrote to several State highway departments, 
located in different sections of the country, and asked 
their practice in the design of roads with reference to 
line, grade, and thickness. The replies show that on 
alignment and grade, most of the States were travel- 
ing in the same general direction, some approaching 
nearer than others to the ideal condition. When the 
question of widths was taken into consideration, it 
was noticed that in those States, in which were located 
the largest number of cities, and where traffic had 
become excessive and the demands for more room had 
been felt, wide pavements were being constructed. 
A uniform thickness of pavements seems to have 

been followed by all the States, with the exception of 
those in which were located cantonments. In these 
particular cases, a greater thickness of pavement has 

been adopted. 
ALIGNMENT. 

In giving consideration to alignment roads may be 
divided into two classes, roads located within parks, 
and intended as scenic roads and used mainly by 
sightseers and tourists, and roads that can be con- 
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sidered as commercial or industrial roads, which 

would be located within and between business centers, 

towns, and cities. 

In the alignment of the park or scenic roads, it is 
not essential to have long tangents nor direct routes; 
the only essential requirements of these roads are 
that they shall furnish lanes of travel for pleasure 
riders, and shall be properly designed and constructed 
from the standpoint of safety and beauty. These 
roads need not be laid off in direct routes, because 

speed or time is not generally an element to the users 
of these highways. 

The controlling points of the scenic road are beauti- 
ful views, magnificant trees, costly residences, and in 
fact, any detail that may serve the purpose of making 

the road more beautiful. With the controlling points 
fixed, the only other consideration is that of safety 
and the expense of construction. 

There seems to be a practice in practically all the 
States, that, from the standpoint of safety, the align- 
ment of the scenic roads should be such that the 
radius of all curves should not be less than 300 feet, 
though in many instances it is common practice to 
use radii of 200 feet or less. 

The commercial road may be described as that road 
which will most economically serve the commercial 

or industrial requirements or, defined in another way, 
may be called the direct route. 

In considering the alignment of commercial roads, 
or direct routes, it must always be remembered that a 
straight line is the shortest distance between two 
points, and from a commercial standpoint the shortest 
way is not only the most direct, but with other things 
equal, is the most economical; therefore, it seems to 

be practically conceded that ideally aligned commer- 
cial roads are those that are laid in absolutely straight 
lines. 

Where there are costly influences entering the prob- 
lem that make it impossible or impracticable to 
follow the straight line, then the alignment should 
approach the straight line, and become a compromise 
of line, grade, and cost of construction. 

The straight-line method does not require that 
only two distinct points should be given ultimate 
consideration, but each and every community and 
business district lying between these points should be 
given due regard, and the line should run in the most 
direct line possible connecting these intermediate 
controlling points, provided the line will form a 

direct route. 
More stress has been laid upon the alignment of 

roads during the past two or three years than ever 
before. It simply shows that highways are passing 
through the same stage that the railroads passed 
through when, after exhaustive studies from an 
economic standpoint, they spent considerable money 
for the straightening of their lines. The problem of 



the highway is practically identical with that of the 

railroad. Much study should be given to final loca- 

tion, for, after all, the location of a road is the only 

permanent detail; therefore, this should approach the 

ideal as closely as possible. 

In the construction of hard surfaced roads, the 

alignment is well defined, and a very small change 

in direction or a slight angle can be plainly seen. If 

breaks in the line are necessary they should be located 

on the tops of hills or summits in the grade. 

If necessary to use a curve, then the flatter the 

curve, the safer the road, and this would not jeopardize 

the beauty or purpose of the road in any way. Whena 
curve sharper than 4°, or of 1,433 feet radius, is used, 
the roadway should be elevated on the outer side and 
widened on the inner side. This will overcome the 

tendency of the traffic to skid and make driving both 

safer and more pleasant. 

FACTORS TO BE CONSIDERED. 

A very important feature in deciding the alignment 
of roads, is the consideration of the through traffic. 
The ideal road is one that will serve through traffic by 
direct routes and also make it possible that this 
traffic need not be delayed on account of congested 
districts. In other words, the best alignment for a 
through-traffic road, is a straight line so located as to 
pass near, but not pass directly through these con- 
gested districts. With such a location the through 
traffic is not subjected to interference or delay which 
is always present in the main thoroughfares of towns 
and villages, nor on the other hand is the town or 
congested district subjected to the hazard of the 
through traffic. By such a location the congested 
districts have all the benefits of a modern highway, 
but are not subjected to its disadvantages. There- 
fore, when considering alignment, this is a very 
important factor to keep in mind. 

Under alignment, there may also be mentioned the 
subject of the width of right of way. This we find in 
nearly every State has been neglected or it has given 
considerable trouble, when road developments have 
been carried on in a modern way. Until recently only 
in a few States were rights of way obtained wider 
than 40 feet, or was there any effort made for direct 
routes or straight lines. 

With the roadw ay sufficiently wide to take the 
amount of traffic and to provide such space as is 
generally necessary for shoulders and drainage, a 
minimum right of way of 60 feet should be obtained 
in districts outside of cities and towns, especially if the 
country is at all rolling. 
When the smaller towns are approached or entered, 

a right of way of sufficient width to allow for the 
widening of the roadway to carry the additional 
traffic should be obtained, as well as sufficient width 
to carry into effect any beautification scheme, such as 
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grass plots, flower gardens, and tree planting that may 
be developed at any time in the future. 

In the case of cities, it is advisable in the construc- 
tion of any road to secure, as soon as possible, sufficient 
width of right of way to provide for future develop- 
ment, such as might include wide sidewalks, grass 

plots, areas for tree planting, besides sufficient roadway 

to take care of the ultimate traffic. 
It may possibly be said that through many villages 

and small cities it would not be practical to secure 
such width of right of way as recommended, espe- 
cially after developments in property have been made. 
This might be true if it were necessary to bring around 
this condition immediately, but this could be provided 
for ultimately by establishing new building lines or 
property lines, making it compulsory that all future 
development and rebuilding should be a certain 
distance from the road. In this way a wider right 
of way would finally result, without the expense of an 
immediate change. 

GRADES. 

It may be said that a highway, as a factor in trans- 
portation, is no more economic or efficient than its 
ruling grade. Grades and alignment seem to be so 
closely related, that many times one is dependent on 
the other, or one is bettered at the expense of the 
other. In any case the ideal conditions should 
always be kept in mind, and any compromise should 
conform as closely as possible to the ideal result. 

The same general division can be made with regard 
to the choice of grade as to line, namely, scenic roads 
and commercial roads. On the scenic roads safety 
and beauty seem to be the controlling factors, while 
on commercial roads the problem is an economic one, 
and the requirement is that the road be usable at an 
economic minimum of cost or effort. 

In designing the grades for highways there seems 
to be a general tendency for the States to make an 
effort to limit the maximum or ruling grade to 6 per 
cent, with the possible exception of short stretches, 
which seem to be allowed in most States. This 6 per 
cent grade was established in the days of horse-drawn 
vehicles, and while it has served for that purpose 
it has not been definitely established that it is the 
most economic grade for motor vehicles. A maximum 
or ruling grade for motor vehicles is the steepest grade 
that can be negotiated with minimum of power. 
This problem is now being studied, but it can only 
be determined after careful study and experiment and 
close cooperation with the motor industry. 

In most States it is impracticable and almost im- 
possible to hold to a grade as low as 6 per cent, and in 
these cases, if a grade considerably in excess of 6 per 
cent seems necessary, a study of relocation should be 
thoroughly made with an end in view of reducing the 
grade. It is economic to increase the length of line 
if a reduction of grade will result. 
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At the beginning and end of all grades, vertical 
curves should be used in order that the grades shall 
preserve a continuity and can be approached gradually, 
as well as provide a long line of vision. There is one 
definite conclusion, however, that we can draw 
relative to grade—the power required to surmount 
the grade increases proportionately to the per cent of 
grade. With this law established, we can see that 
the level grade would be the ideal grade from an 
economic standpoint. With this definite law, the 
problem of grade is somewhat simplified and can be 
determined. In many cases more power is absorbed 
in overcoming the surface resistance than in over- 
coming the grade. 

It was often thought that before a grade or hill was 
improved it was the grade that was causing the 
resistance, when as a matter of fact the road surface 

probably caused many times more resistance than the 
grade. With an unimproved surface the grade 
resistance is a small percentage of the whole resist- 
ance; with an improved road the grade resistance 
forms a much larger percentage of the whole, showing 
the necessity and economy of reducing grades, if we 
wish to retain the advantage when hard surfaces are 
constructed. 

After establishing the level grade as the ideal 
economic grade, all efforts should be made to approach 
this grade in the design, and any compromise with line 
or expense of construction should be made with the 
ideal grade in mind. 

WIDTHS. 

While the requirements of width of pavement can 
be divided into demands for scenic widths and come 
mercial-road widths, the demands and requirements 
are so Closely associated that only commercial roads 
need be considered. 

While the width of pavement can be said to depend 
almost wholly upon the character and amount of 
traffic, the problem still remains far from being solved 
on account of its being affected by the variable known 
as the personal equation, a variable to which it is 
impossible to assign exact values. 

The worst condition exists when wide trucks are 
placed side by side. The average width of the wide 
truck is 8 feet; two trucks, therefore, would require, 
theoretically, the entire width of a 16-foot road, 
Practically, however, due to the overhang over the 
wheels, these trucks might be placed on the pave- 
ment so there would be a 2-foot clearance between the 
bodies, provided each truck went to the extreme edge 
of the pavement in passing. This, however, is not 
often the case, due to the fear of getting too close to 
the edge of the roadway, and the uncertain condition 
of the shoulder. For this reason it can readily be 
seen why most States have already relegated to history 
the 16-foot roadway, and adopted 18 or 20 feet for 
the width of a double-track road. 

For a two-track roadway nearly all States are now 
advocating 18 feet with a minimum of 3 feet of 
shoulder on each side. A few of the States still 
adhere to a roadway of 16 feet, but in this case, 
shoulders are always provided which the traffic 
may readily use if it is necessary. 

For aroad of three traffic lanes many States adhere 
to 24 feet in width, but there seems to be a growing 
opinion that this should be increased to 26 or even 
30 feet. 

The reports of the American Road Builders’ Asso- 
ciation, covering this subject of widths, recommend 

that double-traffic trunk highways should be at least 
20 feet wide with a minimum width of shoulder of 
5 feet. Nine feet should be added to the width of the 
roadway for each additional line of traffic. Wherever 
the right of way can be acquired, provision shall be 
made for shoulders of at least 9 feet in every case. 
This is for the purpose of future widening of the road- 
way when necessary. 

LAWS OF TRAFFIC. 

To widen the roadway to certain limits is a step in 
the ideal direction, but it can not be said that a road- 
way should be widened without limit, for after a 
certain width is reached and traffic becomes heavy, 
the width may be more intensively used by establish- 
ing separate lanes for the fast and slow traffic. 

The cost of the road enters strongly into the deter- 
mination of width, and when the compromise is made 
the minimum should be sufficiently wide to take care 
of the lines of ordinary traffic, plus as much clearance 
width as the importance of the road and the intensity 
of the traffic justifies. 

Regardless of width of roadway, the shoulders 
should be maintained in a serviceable condition for 
cases of emergency. If the roadway is not sufficiently 

wide to provide for traffic, the shoulder will receive 
considerable of this traffic and cause excessive mainte- 
nance. Many times, this excessive maintenance would 
pay the cost of construction of wider roadway, which 
would result in a much lower shoulder maintenance 
and provide a more satisfactory pavement. 

In level countries where alignment is straight and 
curves are flat, there seems to be no necessity for an 

increase in width from the general widths required 
for the various numbers of lines of traffic, but in coun- 

tries where the alignment is not straight, it is quite 
essential that the width on all curves of 10° and over 
should be materially increased. 

The increased width should be added on the inside 
of the curve and begin at a point ahead of the point 
of curvature and extend beyond the point of tangency. 
The additional width required varies according to the 
degree of curve and local conditions. 
Many States after deciding upon their unit of width 

have made their width of road entirely dependent 



upon the amount of traffic. Where there is a traffic 
of from 3,000 to 4,000 vehicles a day, the roadway is 

made not less than 18 feet in width; where the traffic 
includes 5,000 vehicles and more during the day, the 
roadway is made at least 26 feet and sometimes 28 or 
30 feet. Satisfactory shoulders should be provided, 
to carry the traffic which may be forced off the metal 
roadway onto the shoulders. 

Some States have decided that if a hard-surfaced 
pavement is to be used, the minimum roadway, in 
order to provide for a single line of traffic, should be 
at least 9 feet in width and preferably 10 feet. A pave- 
ment of this kind should not be attempted unless 
there are satisfactory shoulders of sufficient width and 
character to enable vehicles to pass without danger, 
or unless turnouts-are provided at intervals. 

THICKNESS. 

To make any specific recommendation as to the 
necessary thickness of the pavement would be at- 
tempting to solve a problem wherein there are two or 
more variables, for the thickness of a pavement not 
only depends upon the demand of traffic that the 
pavement may be subjected to, but also depends 
upon the type of pavement and the conditions of the 
subgrade and drainage system, which influence not 
only the strength of the pavement, but its resistance 

to withstand the numerous and varying loads. Prac- 
tically all failures of the old pavements that were 
designed to withstand merely the demands of the 
lighter vehicles, were due to the wear of the surface. 
As the loads upon these pavement were increased, 
the pavements broke down under the overload, and 
were thus prevented from wearing out in the old way. 
This would seem to indicate that a pavement possess- 
ing the quality of tensile strength which will enable 
it to act as a beam is demanded. 

Pavements are called upon to withstand compres- 
sive stresses, to resist tensile stress, set up, when the 
pavement is subjected to beam action, and to resist 

shearing stresses. It seems that most of our pave- 
ments have been so designed as to withstand the 
compressive and shear action, but the greatest trouble 
has been found in attempting to design a pavement 
that will withstand stresses when the loads bring 
about beam conditions. Of course it will be a simple 
matter to design a pavement that will act as a beam 
and withstand any load, provided it is not necessary 
to keep in mind the necessity of keeping the cost 
within moderate limits. In order to limit the neces- 
sary thickness of pavement to a minimum, consid- 
erable effort has been made in the way of distributing 
the weights or forces over a large area. 

Other experiments have been made using a cushion 
to overcome impact. 
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SUBGRADE CONTROLS THICKNESS. 

Almost the first step in designing a pavement must 
be to assume the nature and condition of the sub- 
grade; the better the subgrade, the thinner it is pos- 

sible to make the pavement. 
As the conditions of the subgrade become worse, 

the thickness of the pavement must be increased, so 
that on account of the changing conditions of the 
subgrade our first assumption is full of variables. 
Generally the design is not changed for each condition 
of subgrade, but the worst place is considered and the 
entire pavement designed from these conditions; this, 
of course, is uneconomical. 

The ideal limit would be to have a perfect subgrade 
so that only a thin road surface would be required. 
As the subgrade becomes worse in character, the 
thickness of the road surface must be increased for 
the purpose of distributing the loads over a wider 
area. A popular method of load distribution has 
been the use of a rigid base such as concrete. 

While in many designs it is assumed that the 
stresses travel from the load to the subgrade along 
lines inclined at angles of 45° to the surface, actual 
experiments show that in a concrete surface, the lines 
of stress reach as far as 6 feet from the point of 
load application; this means that the load is sometimes 
distributed over a 12-foot area. 

Now the problem is to design the road to take care 
of compression, punching shear, and beam action. 
Taking into account the distribution of stresses pro- 
duced by the load, either a concrete pavement, or a 
pavement with a concrete base, surfaced with bitu- 
minous material, will provide the necessary compres- 
sive strength, and the minimum of design, supported 
by a satisfactory subgrade, has always been ample to 
provide for punching shear, as our problem seems to 
be the design of a surface that can withstand the ten- 
sile stresses which are developed when the road acts 
as a beam. Designing on this basis, we find ourselves 
at a loss for assumptions. The span can hardly be 
assumed to be identical with the total limits of the 
load distribution; generally the span would be much 
shorter. But even if the span were considerably 
shorter, the designing of this pavement as a beam 
would be almost prohibitive in cost. \ 

It has been computed that in a pavement designed 
as a beam to withstand a 20-ton truck, the reinforce- 
ment would cost between $2 and $3 per square yard. 
This of course is prohibitive, and even if we assume 
the best subgrade conditions to exist, our reinforce- 
ment would cost about $1 per square yard, and then 
we would not be taking care of our worst conditions. 



BETTERMENT OF SUBGRADE. 

It therefore remains for us to look about for ways 
of designing the thickness of pavement other than by 
greater thickness of substances like concrete or by the 
use of heavy reinforcement. 

About the only other place to look for a.betterment 
is in the subgrade. We can see that if the subgrade 
is perfect, only a very thin surface will be necessary 
and it is only when the subgrade is weak that a 
thicker surface becomes necessary. Is there not some 
way, then, in which we can improve our subgrade 
and thus avoid the necessity of increasing the thick- 
ness of the pavement surface? 

At the present time, we artificially drain our sub- 
grade to a limited extent. Further draining would 
assist toward bettering the subgrade. To complete 
this operation and bring the subgrade to a nearly 
perfect condition, the use of a layer of crushed stone 
2 or 3 inches in thickness spread over the subgrade 
and connected to all the drains, is recommended. 

Such an expedient would improve the firmness of the 
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subgrade, and if the thickness of pavement surface is _ 
dependent on the character of the subgrade, the thick- 
ness of the surface would be thereby reduced con- 
siderably. It would seem that an economic pave- 
ment would be one of a material such as concrete 
laid on a carefully prepared subgrade, designed as 
previously described. If it be desired to absorb the 
shock of excessive impact such a pavement could be 
covered with a bituminous surface. This would mean 
a bituminous mat that would absorb impact and 
transfer the loading to the concrete, which in turn 
would distribute the load over the prepared subgrade 
When the subgrade is prepared as described, there 
will be slight chance of its shifting, which would mean 
that the span between supports will be small, and 
will further mean that a much thinner concrete dis- 
tributing layer can be used. 

In order to crystallize the points of this paper on 
line, grade, width, and thickness, the following con- 
clusions may be drawn: 
Alignment.—On scenic roads the straight line is not 

absolutely necessary but careful attention should be 
paid to safety. On commercial roads the straight 
line is ideal and all roads should approach this align- 
ment. 

Grades.—While the grades on scenic roads should 
be held low wherever possible, the ideal grade on a 
commercial road is the level grade. Whenever a road 
surface is changed from earth or macadam to hard 
surface, the grade should be materially reduced if it 
is desired to retain the advantage of a hard surface. 

Width.—The minimum width of a two-way traffic 
road should be at least 18 feet, an additional width of 
9 feet should be added for each line of traffic, and 
suitable shoulders should be provided in all cases. 
After four or five lines of traffic have been thus accom- 

.criticised by some engineers. 

modated the width should not be increased, but in- 

stead lanes for the separate lines of traffic should be 
constructed. All curves sharper than 10° should be 
widened and banked. 

Thickness.—While thickness is dependent on the 
type of pavement and the nature of traffic, it is also 
closely identified with the condition of the subgrade. 
Bettering the subgrade affords the means of reducing 
thickness of pavement, which seems to indicate it 
might be more economical to spend money preparing 
subgrade than to attempt to support the loads by 
blindly increasing thickness. 

DISCUSSION OF MR. UPHAM’S PAPER, 

F. R. Rogers, State highway commissioner of 
Michigan: We can not go back of the elementary 
principles discussed in Mr. Upham’s paper. I am 
going to confess a few mistakes we have made in 
Michigan, with some suggestions as to what we are 
thinking about doing to remedy those mistakes. 

As you all know, one of the counties in Michigan 
has become quite famous for its concrete roads. We 
began by building concrete roads 16 feet in width, 

6 inches thick. We have discovered they are not wide 
enough. We have had to add bituminous shoulders 

on the side. There is not any doubt in my mind but 
the shoulder upkeep on those narrow roads has cost 
enough since they were built to have widened them 
at least 2 feet on each side; so, had we looked ahead 
as far perhaps as we should, we would have built wider 
roads. 

In Michigan, on the more important roads which 
we are paving, we are building at least 18 feet wide, 
and in some rare cases 20 feet. There is one in De- 
troit County that is 24 feet wide. That has been 

Perhaps it was a mis- 

take to build 24 feet. It perhaps was not much im- 
provement over the 20-foot road. That road is 
asphaltic concrete of the Topeka type, with binder 
course, the base is 7 inches thick, the binder 14 inches, 
and the concrete top 14 inches. We rather think it 

will hold the traffic, because it was laid on an old base 
that was formerly gravel, into which some crushed 
stone had been injected. It was thoroughly scarified 
and widened, and there has not been much disturbance 

of the base. 
I have in mind roads that have been built on sandy 

soils, one in particular on what was probably the 
ancient shore of Lake Huron. That road is only 
6 inches thick and has not broken off at the joints, 
which practically substantiates, I think, what Mr. 
Upham has said about preparing a first-class base if 
we expect the roads to stand up. 
We built two years ago, or a year ago this last 

summer, under war conditions, about 10 miles of con- 

crete in Monroe County over a soil that does not lie 



so very high above Lake Erie, a clayey loamy soil, in 
fact, the worst kind of clay.I know of. There are 
quite large side ditches, yet that road has constantly 
broken through under traffic. I am not quite positive, 
but I think the minimum thickness is 7 inches, with 
8 inches in the center. And frequently when it begins 
to give, apparently pumping the water from the sub- 
soil below (I do not remember the side drainage) we 
find a puddle under the surface failure. I am incline 
to think that the treatment suggested by Mr. Upham 
of a subbase of macadam connectedwith a side drain, 
might have overcome that. We did find, however, 
that a piece of that road that was started on a sub- 
grade prepared the year before, failed’ very much less 
than that constructed on the new subgrade. 

So far as we are concerned, wherever we expect to 
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pave, if there is much disturbance of the subgrade, or: 
much cutting or filling, we are trying to do that work 
one year in advance of the paving, notwithstanding it 
makes it necessary to let a contract for cutting and 
drainage structures and later a contract for paving. 
I heartily agree with what Mr. Upham said about 
widths. Weare a little bit at sea as to when we ought 
to build wider than 18 feet. 

Mr. Fletcher told me an interesting thing that I 
have sometimes thought of to prevent breaking at the 
edges and particularly breaking at each side of the 
expansion joint on the edges. The elimination of the 
expansion joints will probably do away with that, but 
Mr. Fletcher says he is putting a g-inch rod about 
2 inches from the edge in the center of the slab which 
will reinforce and perhaps prevent breaking off. I 
asked him whether it was in the bottom or top and 
he said, ‘‘We don’t know which way the stress is 
going to be, so we are putting it in the middle.” 

I think, in many cases, we build, not with a factor 
of safety, but with a factor of,ignorance. I think 
there are a whole lot of things about road building 
that we do not know, and I do not think I can add 
anything to the knowledge that has been given. 

ENGINEERS MUST DO IT. 

JAMES ALLEN, highway commissioner, Washington: 
A location may be dear at $75 or $100, and you may 
be merely wasting money; while on the other hand it 
may be economical at $400 a mile. You can not say 
a location should cost $100 a mile; you can not say 
it should cost $400. 

I heard Mr. P. J. Pogue say once, ’’ The most im- 
portant work, as I see it to-day, for engineers starting 
on this great program of highway building, is for the 
engineers to do it.”” That is what I think. If the 
engineers are not capable of doing it, God knows the 
lawyers and doctors and bankers are not. 

The alignment comes first and is most important. 
In heavy mountainous country you can not get per- 

fect alignment. Do not pay any attention to the 

right of way; you will find all your right-of-way 
troubles come right at first. I venture to say that 
75 to 90 per cent of our right-of-way troubles were 
never reported; they were compromised. In the 
State of Washington we have never yet had a jury 
award more damage for a right of way than our 
right-of-way agent offered the man; and in a lawsuit 
they don’t get half or a third of what was offered. 

Every highway out in Washington must be hard- 
surfaced. We can not get away from it. Gravel 
roads and other cheap types of roads are out of it. 
The alignment must be made right, as nearly right 
as possible. That is most important. I do not see 
how you are going to lay down any hard and fast 
rule for plans and specifications. You must study 
your road. 

Mr. MacDonatp: I am glad that Mr. Allen has 
spoken out in meeting and put the responsibility for 
the kind of roads we build squarely up to the engi- 
neers. Jn the past we have had to occupy a more or 
less apologetic attitude toward the public because we 
wanted them to go down into their pockets and put 
up a considerable amount of money for us to spend. 
We have that money now and we do not: want to 
lose sight of the fact for one instant that the public 
is going to place the responsibility upon us for the 
kind of roads that are built. It may be that we may 
have considerable pressure brought to bear upon us 
from the doctors and lawyers and even from our 
commissioners, but with all due respect to these 
gentlemen, the engineering features are for engineers. 
It is a fortunate engineer who has a commission com- 
posed of business men, or lawyers, or doctors, or any 
other class of men, who recognize that they have 
engineers employed to advise them, who hold the 
engineers responsible for the engineering work, and 
follow their advice. 

I do not believe that Mr. Allen accented too strongly 
the point that when it comes to the building of the 
roads and the choosing of the type of roads to build 
the highway engineers that are in this room are going 
to be held accountable. You can not pass the 
responsibility on to your commission or to the public. 
The engineers now in this room are going to be held 
accountable for the spending of the money that has 
been appropriated. 

KANSAS ROAD LAWS UPHELD. 

_ In a decision delivered January 20 the supreme 
court of Kansas by a unanimous vote declared that 
all the road and bridge laws of Kansas were consti- 
tutional and valid. The decision places the road 
program of the State on a sound basis, shutting off 
much opposition and many suits being planned by 
those against road improvement under the laws 
passed in 1917 and 1919. 
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Highway Administration. 
GEORGE H. BILES, Assistant Highway[]Commissioner of Pennsylvania. 

IGHWAY administration, in the several States, 
H is for the most part in charge of commissions, 

appointed by the several governors, who select 
their assistants, with their varying responsibilities, or 
a single commissioner, selected by the governor, with 
his deputies, chief engineer, and other assistants. 

Either form if composed of men endowed with 
vision, imagination, and force, given to a determina- 
tion to administer impartially and efficiently, all other 
things being equal, will succeed. Starting. out, as 
many of us are to-day, with the responsibility for the 
expenditure of millions of dollars of public money, let 
us not lose perspective but work on a broad compre- 
hensive scale, planning for the greatest good to the 
greatest number. Three contributing factors to this 
end are control, confidence, and courage. 

Control, in the strictest sense of the word, should be 
exercised by centralized executive authority. The 
execution of our plans with intelligence, fairness, and 
dispatch will win public confidence, without which we 
will fail. The utmost courage to do the right thing 
in spite of the selfish aims and importunities of indi- 
viduals or communities is required in the disbursement 
of public money. 

CONFERENCE AND COOPERATION, 

I am a firm believer in the wisdom of doing things 
through conference with our business associates and 
with the counsel of others. Many organizations 
depriving themselves of such counsel become affected 
with individualism, which usually begins at the top 
and results in a contraction or narrowing of the whole 
organization. This creature, obsessed with the idea 
of its own importance and sensitive to its preroga- 
tives, ignores and resents the counsel of leaders of men 
and thought until too late, when it is enveloped. 

One of the basic principles in the creation of an 
organization is to obtain zealous and efficient men, 
responsive at all times to the demands of the situation 
and working as a team for the realization of the aims 
and purposes of the executive. Recognition for 
meritorious service must be given such men, which is 
possible, only, when salaries are not fixed by statute. 
Men, under such stress, either go up or,out, they can 
not stop or go stale. 

In developing an organization of this kind it is our 
theory that the State organization should have power 
to supervise expenditures and operations and extend 
engineering and advisory assistance to the counties, 
townships, and towns, to prevent abortions, which are 
bound to result where innumerable engineers are per- 
mitted to operate promiscuously. If there is one 
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thing that will jeopardize the consumation ofa road 
program it is poor work, which may result from bad 
engineering or careless inspection. The inspector is 
the most important individual on the work for upon 
him depends the success or failure of carrying out the 
engineer’s plans. The inspection force should be com- 
posed of fair-minded, intelligent, and practical men, 
holding allegiance to no one save their superiors, and 
should be paid a wage commensurate with the impor- 
tance of the work. 

The cooperation of the State creates a sense of 
security on the part of communities expending large 
sums of money and is the biggest factor in the suc- 
cess of good-roads campaigns throughout the State. 
Through such cooperation the comprehensive idea of 
main primary roads can be extended to the counties 
on secondary systems, with the ultimate satisfaction 
of seeing roads built to meet the demands of traffic, 
and creating a network of uniformly good highways. 

Attract to your work strong contracting concerns 
with ample capital and equipment resource to insure 
completion of your program. Before work is awarded 
the contractor’s responsibility should be established 
through presentation of his financial statements and 
assurances from banking institutions indicating their 
willingness to extend him assistance, if need be, to 



finance the project, accompanied by records of his 
previous performance in contract work. 
A new philosophy can be preached to contractors 

in this era with surprising and gratifying results. If 
you can convince men of your fairness and sincerity 
of purpose, the great majority will be receptive to 
the suggestion that they must derive some compen- 
sation out of satisfaction in doing good work. Upon 
the award of contract the contractor automatically 
enlists in the cause, becoming as much a part of the 
organization as any of its employees, the only differ- 
ence being that he is paid in units of work while the 
employee is paid in units of time. 

MUST HAVE AMPLE POWER. 

Prudence demands the passage of laws giving ample 
power to the organization to prosecute a program, 
when deemed expedient, with the departments’ 
agents or employees, permitting the acquisition of 
property and construction of building necessary for 
the manufacture of any road material entering into 
the building of a modern highway, which materials 
may, in the discretion of the department, be furnished 

to contractors engaged in State road work. 
In the administration of highway work on the scale 

upon which most of our States are launching programs 
at this time the greatest single requirement is organi- 
zation and system. If we stop and think of the work 
units involved in the disbursement of $1,000,000 for 
this class of work and multiply this by 40 or 50 or 
more, as some of us must do, it will be apparent at 
once that it becomes an undertaking for big business 
organization and management. 

In the first analysis, the duties of the several units 
of the organization should be grouped on a functional 
basis, the segregation of the special or distinct func- 
tions automatically creating the several separate 
divisions. Authority should be centralized in the 
executive head, between whom and the several operat- 
ing divisions there should be a coordinating branch 
or body, known as the management division, in 
charge of an executive manager. 

DIVISIONS OF ORGANIZATION. 

A brief description will be given of the organization 
and functions of the major divisions of a modern 
highway department. 

Executive Division.—The function of this division 
should embrace the determination of all policies not 
entering into the details of operation, for which division 
heads should be held accountable. As an assistance 
in the determination of policies the executive division 
should be supported by a strong organization equipped 
to devise means for the enforcement of its policies, 
and the coordination of the activities of the depart- 
ment. This responsibility logically is that of a man- 
agement division, which may be termed the operating 
branch of the executive division. 
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Management Division.—The functions of this divi- 
sion may be briefly stated as follows: To supervise 
and place in force the principles of management as 
applied to all branches of the department; to deter- 
mine the various operations of the department in ac- 
cordance with the requirements of the statutes; to 
group the operations upoh a divisional basis for assign- 
ment to the proper division and for the creation of the 
necessary organization therefor, followed by complete 
instructions; to schedule the performance of all phases 
of the department’s work and disseminate the same 
graphically and uniformly and to follow up the various 
schedules presented, investigating all complaints and 
delays; to be represented at each department con- 
ference On investigation and research and to supervise 
the compilation of its findings, from which standard 
methods of operation can be devised for all phases of 
the department’s work; to supervise the publication 
of all bulletins and periodicals upon the work of the 
department and to present to the executive body and 
general public the accomplishments of the department 
at convenient intervals; to supervise the development 
of future operations; to have control over the system 
and methods of procedure in all divisions, also office 
equipment and supplies; to provide for complete rec- 
ords of the personnel of the department and to super- 
vise the work of all subdivisions which involve other 
subdivisions, whose work is general in its nature. 
Other responsibilities of this division include the au- 
thorization of funds, the compilation of statistics and 
graphic presentation of them. 

Purchasing Bureau.—Some of the important ques- 
tions handled by this bureau are the location of ma- 
terials, grade of supplies, quantities available, shipping 
conditions, traffic regulations, local conditions affect- 
ing prices and storage facilities. 

Contract Bureau.—A large construction or main- 
tenance program involves the preparation of con- 
tracts and agreements which should be handled by 
a branch of the organization especially equipped with 
legal knowledge. 

Equipment Bureau.—Systematic inspection with 
uniform instruction and standard workmanlike repairs 
to equipment requires an organization of mechanics 
and inspectors under a competent mechanical engineer. 

Information Bureau.—The dissemination of infor- 
mation should be in charge of a special bureau in order 
that the best regulations may be established with the 
agencies involved, and also that there may be a uni- 
form, and at the same time official, presentation of all 
information given to the public. 

Stenographic, Typing, and Duplicating Bureau.—To 
provide uniformity and equalization of work, steno- 
graphic, typing, and duplicating work should be cen- 
tralized in one bureau. 

Filmg and Mailing Bureau.—Uniform filing and 
mailing methods requires the handling of work of this 
kind in one bureau. 
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Construction Division.—The functions of the con- 
struction division at headquarters can be grouped upon 
practically the same basis as the department as a whole 
with the division of responsibility in accord with such 
grouping. These groups may be designated as engi- 
neering; drafting, and testing. The engineering 
branch, through its field offices should handle the 
making of surveys for all road and bridge construction 
work, also for change of alignment or other special 
work, as well as the supervision and inspection of con- 
struction methods. The drafting branch is con- 
cerned with the preparation of plans, the design of 
structures, and the handling of estimates. The test- 
ing branch should handle the checking and testing of 
materials entering into the construction of projects, 
together with investigation and research work to es- 
tablish other sources of material supply. 

Maintenance Division.—The maintenance division 
is concerned with the protection, through adequate 
maintenance, of the investment which has been 

made for road construction. Thorough instruction of 
employees, adequate inspection, the preparation of 
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estimates, the authorization of work, the selection of - 
materials and supplies, the shipping and delivering of 
the same, the securing and distributing of equipment 
and its operation, and the employment and payment 
of labor are duties incident to the carrying out of a 
large maintenance program. 

Township Division.—This division of a highway 
organization is of unquestioned value in the service 
which can be rendered to townships through the 
assistance offered in the form of engineering advice 
and supervisory control of road building and main- 
tenance. The approval of contracts for the expendi- 
ture of township funds, the enforcement of legislation 
applicable to townships, the distribution of reward 
funds, and the issuing of permits for the placing of sub- 
structures, telephone or telegraph poles and temporary 
crossings, is placed under its charge. 

Automobile Registration Division.—The functions 
of a division for the registration of motor vehicles may 
be grouped as follows: Receiving, registration, filing, 
shipping, mailing, and inspection. Among the many 
operations in handling work of this volume are the 
sorting, classifying, and examining of mail and re- 
ceipts and the auditing of accounts. The actual 
registration requires the typing and proof reading of 
certificates and the duplicating of ledger sheets and 
file cards. The filing of copies of the registration 
certificates alphabetically according to the registrant, 
and numerically according to manufacturers, and 
engine numbers are of material assistance in the 
recovery of stolen vehicles and the apprehension of the 
guilty parties. The shipping of tags and mailing of 
registration cards forms a large part of the work of 
the division. An adequate inspection force distrib- 
uted throughout the State is essential to the enforce- 
ment of the motor laws. 

Auditing and Accounting Division.—The functions 
of the auditing and accounting division consist 
largely of the budgeting and auditing of accounts, 
and cost accounting. To this end their work should 
be grouped upon the following basis: Pay rolls, in- 
voices, and expense accounts, bookkeeping, and cost 

accounting, these branches handling the issuance of 
checks and all details incident to the payment of 
labor, the auditing and payment of invoices and ex- 
pense accounts, bookkeeping and cost accounting, 
respectively. 

The divisions which have been mentioned will in 

the majority of cases be applicable to most highway 
organizations, and additional units may be created as 
the need arises, keeping in mind always the logical 
grouping of functions, and the establishment of the 
same principles of control. Thus a department may 
crow indefinitely and yet preserve its balance. 

DISCUSSION OF MR. BILES’S PAPER, 

C. M. Bascock, commissioner of highways, Minne- 
sota: It seems to me it simmers down to the point as 
to what are the duties of the highway department, 
before you can determine the policy of administra- 

tion. Mr. Biles, in his paper, referred to the passage 
of laws giving power, when deemed expedient, per- 
mitting the acquisition of property and the construction 
and the building necessary for the manufacture of 
road material. I don’t believe that the function of 
the highway department is that of manufacturing any 
materials that enter into the road construction 

problem. 
One of the greatest difficulties is not in getting 

materials; it is in having those materials hauled by 
the railroads. Therefore I maintain that if it is 
necessary at this time for us to enter into the manu- 
facture of road building materials it is doubly important 
that we go into the construction and actual building 
of the railroads in order to get materials on the roads 
so we can build our highways. 

It seems to me that the duties of the highway 
department should be confined to the actual con- 
struction of the roads, the acquiring of the rights of 
way, the building and construction of highways and 
the structures incidental thereto. When we accom- 
plish that and assume that burden in the various States, 
it seems to me that we have placed upon our shoulders 
one of the largest responsibilities there is any State 
department to-day. In trying to shoulder upon the 
highway departments the manufacturing and the 
building of road materials, as well as the handling of 
automobile road construction, we are doing wrong in 
my estimation. I believe, as stated before, that those 
things should be handled by other subdivisions of the 
State departments, and not by the highway depart- 
ment. The highway department should confine its 



efforts exclusively to the construction and building of 

highways. 
There is a tendency in all highway departments of 

all States, as well as in Federal departments, to over- 
organization, and to the creation of too many bureaus. 
There are too many bureaus within the bureau. 
What we want is business administration. We want 
an organization that will handle things in a business 
way, and efficiently. They should be able to give 
you the actual cost of the different types of road in 
different sections of the State. And if an organiza- 
tion is properly organized it will be able to give 
you that. 

NEED BUSINESS ORGANIZATION. 

In handling our road problems in the various States, 
it is necessary that we organize on business lines. We 
are placed in a position of trust. The position is one 
that involves the expenditure of millions of dollars. 
Summing it up, as the attorney general said to me 
back there, ‘“Your function here is simply to see that 
the State’s money and the moneys placed in your 
hands are not squandered. In other words,” he said, 

“You are to see that you give the public dollar for 
dollar for all the money that passes through your 
hands.”’ 

That is a large responsibility, but it places itself 
right back on the same basis as any business organiza- 
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tion. Take the banking business, for instance: You 
people invest your money in the banking business. 
You put a man in charge of that bank. You expect 
that man at all times to safeguard your principal ? 
Yes. -And what else? You also expect him to return 
you a dividend at the end of the dividend period, and 
if he doesn’t do that, what do you do? You imme- 
diately “chop off his head”? and employ some other 
man. 

If we do not handle our road proposition in such a 
way as to get results what will happen? The fact 
that large sums of money are being appropriated is 
not in itself sufficient for the building of roads. The 
fact that we have millions of dollars down at Wash- 
ington, have millions in various State treasuries, 

available for road purposes, does not better the con- 
dition of the road one bit until the contracts are let 
and the roads are actually built. 

It is results the public demands. It is not the 
acquiring of large sums of money, it is results, the 
finished product. And it is the finished product we 
have to have. That is what we must look forward to, 
not to the creation of bureaus within bureaus, and the 

overorganization of our departments. That is not 
the idea. What we must have, in my opinion, is the 
simplest form of organization, strictly along business 
lines. 

A National Program for Highway Research. 
ANSTON MARSTON, of the Iowa State Highway Commission, Ames, Iowa. 

HERE is very urgent need for the immediate 
inauguration of scientific highway research in 
accordance with a comprehensive National 

program. The country is about to spend untold 
billions of dollars in the construction of paved roads. 
Yet there is a very serious lack of the fundamental 
scientific data which are absolutely essential to the 

correct design and construction of paved roads. In 
this respect we are still in the situation of the bridge 
engineers prior to 1850, who were building bridges 
without knowing how to compute the stresses in the 
different members; or in the situation of the sewerage 
and drainage engineers, who have learned only within 
the last few years how to determine the weights 
which must be carried by sewer pipe and drain tile 
laid in ditches. 

The stresses in pavement slabs due to traffic, the 
effect of impact and abrasion, of variations in tem- 
perature, of nonuniform’ foundations, the cost of the 
various elements of highway transportation and the 
effect upon each element of each item of road improve- 
ment, all these and many other fundamental things 
require very extensive scientific experimentation to 
develop the true foundation principles of really sci- 
entific highway engineering. 

AGENCIES FOR HIGHWAY RESEARCH. 

(a) The American Association of State Highway 

Officials has already taken measures to coordinate 
highway research by the various ‘State highway 

departments by establishing a test and investigation 
committee, which is already organized and which has 

been doing some very good work this year. 
Undoubtedly every State highway department is a 

potential agency for important highway research, and 
no National program for such research can be made 
successful without the cooperation of the highway 
departments. 

(b) The United States Bureau of Public Roads.— 

The United States Bureau of Public Roads is un- 
doubtedly spending more money at the present time 
in direct scientific highway experimentation than 
any other agency. The work in devising instruments 
for measuring stresses In pavement slabs and in the 
subgrades, and the actual measurements of the effect 
of impact, ete., are already of great value. 

(c) The road laboratories of engineering colleges 
and engineering experiment stations.—Many of these 
laboratories are well equipped and can undoubtedly 
be enlisted in a highway research program. 
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As illustrating such work already under way, it 
may be said that the Iowa Engineering Experiment 
Station is required, by State law, to spend at least 
$10,000 annually of its funds for road experimenta- 

tion, and that it is actively engaged in a research on 
the determination of all elements of cost of highway 
transportation and the effect upon each element of cost 
of highway transportation of each element of road 
improvement, upon which investigation it proposes to 
spend at least $7,500 per year for a period of several 
years. 

(d) Municipal testing laboratories are available in 
a number of large cities which could do valuable work. 

(e) Manufacturers’ research departments and asso- 
ciations should be able to render valuable assistance. 

(f) Commercial laboratories. 

(g) Technical societies.—The great National en- 
gineering societies can render effective assistance in 
organizing a national program, and in determining 
the use to be made of the scientific data to be secured. 

(h) Consulting highway engineers. 
It must be apparent that there is need for coordinat- 

ing these eight research agencies in order to insure 
covering the entire field of highway research ade- 
quately and without unnecessary duplication — of 
effort. 

A PLAN FOR A NATIONAL PROGRAM. 

A number of conferences have recently been held 
by representatives of highway laboratories, of State 

highway departments of the United States Bureau 
of Public Roads, and of the National Research 

Council, at which a tentative outline plan for a 
national program of highway research has been 
evolved. 

This tentative plan is to organize six research com- 
mittees, each to have charge of a definite line of high- 
way research, and each committee to have representa- 
tives from all the various agencies to be enlisted and 
from all sections of the country. 

Each of the eight research agencies in this country, 
as enumerated above, will of course take active part 
in organizing the national program of highway re- 
search (otherwise it could not be a success), and the 

cooperation of the engineering division of the National 
Research Council has been asked. 

The National Research Council has been organized 
by the National Government for the general purpose 
of organizing and coordinating scientific research of 
this character. The engineering division of the re- 
search council has acted favorably upon the general 
plan here outlined, and I speak as a representative of 
that division, as well as a member of this association, 

in presenting the plan at this time. 

COMMITTEES RECOMMENDED. 

The six highway research committees recommended 
are as follows: 

(1) Committee on the economic theory of highway 
improvement.—Purpose: Determination of all ele- 
ments of cost of highway transportation (both motor 
vehicle and animal drawn) and the effect upon each 
cost element of each element of highway improve- 
ment Gmproved surface, grade reduction, elimination 

of rise and fall, ete.) to enable reliable and scientific 
determination of the sums which could be economically 
expended for specific highway improvements. 

(2) Committee on structural design of roads.— 
Purpose: Experimental determination of stresses, 
strains and behavior, of impact and abrasion, in actual 
roadways under actual traffic, including also the effect 
of temperature variations, freezing and thawing, non- 
uniform subgrades and other factors, in order to es- 
tablish reliable scientific theory for the structural de- 
sign of roads. 

(3) Committee on properties of road materials.— 
Purpose: To investigate the properties of road mate- 
rials and their combinations, including devising and 
standardizing tests. 

(4) Committee on methods of road construction.— 

Purpose: To collect and disseminate information on 
the various methods of securing efficient results in 
road construction, under various conditions and in 

the different parts of the country. 
(5) Committee on maintenance methods and de- 

sign.—Purpose: To collect and disseminate informa- 
tion on the various maintenance methods and the 
principles of maintenance design which are found to 
give best results under different conditions in the 
various sections of the country. 

(6) Committee on highway bridge and culvert re- 
search.—Purpose: Investigation of the waterways re- 
quired for different classes of culvert and drainage 
areas. Investigation of the distribution of wheel 
loads over bridge floors.. Other unsolved problems 
of highway culverts and bridges. 

The author believes that the executive committee 
and the tests and investigations committee of the 
American Association of State Highway Officials 

should now proceed to cooperate actively in organiz- 
ing and making a success of some national program of 
highway research, such as outlined, or some other 

practicable program in which all the research agencies 
can be enlisted. The organization of each committee 
should be worked out in such a way as to provide 
adequately for representation from the State highway 
departments of the country, as determined by the 
executive or tests and investigations committees. 
There are very many ways in which the many State 



highway departments can cooperate in the actual 
researches. In fact, many of the researches can not 
be made successfully without the active cooperation of 
the State highway departments. There are many 
data needed which can be collected best by them. 
Our executive and tests and investigations committees 
should (and I think they do now) have full authority 

to act for us in cooperation in a national program of 
highway research. 

DISCUSSION OF MR. MARSTON’S PAPER. 

L. I. Hewes, Bureau of Public Roads: Are there 
not two general categories into which all questions 
of highway engineering may be placed—those that 
are economic and those that are technical? And 
is it not true that the engineer in the past has 
almost completely neglected the economic side of his 
profession, and is that not one reason why he has 
held a subordinate place in the larger generalship of 
those matters with which he has to deal 4 

In the matter of financing highways, the question 
was never raised to my knowledge as to how much a 
given community could afford to invest in its high- 
ways. The question was never raised as to the term 
of the bond and for years they adopted the sugges- 
tion of the bankers that a 30-year bond for highways 
was the desired term. If you will examine the sta- 
tistics you will find that the banker suggested a bond 
which gave him the maximum profit. After the 
30-year period he could hardly demonstrate to the pub- 
lic that it was advantageous to them to continue the 
life of the bond, but he showed that upon that bond 
there was a great diminution in the amount of the sink- 
ing fund required per year; he didn’t tell you how much 
interest you were paying. You know now that it is 
not a good policy to run bonds beyond 15 years, and 
probably not beyond 10 years, in order that you may 
have an asset behind your liability. That is an 
economic question which the engineer completely 
neglected. 

IMPORTANT ECONOMIC QUESTIONS. 

There are other important .economic questions. 
For example, one has been raised this morning with 
reference to the bonding of contractors. It has been 
said here time and again that this body of men has to 
spend the greatest amount of money that any single 
body of men has ever been called upon to expend, yet 
they are willing to relegate the determination of the 
amount of the bond to outside people without taking 
a slide rule and computing what is an equitable charge 
on these bonds. 

The relation between the cost of construction and 
the cost of maintenance has not been given suffi- 
ciently sincere consideration by these people who are 
building the roads. There is no enthusiasm about 
maintenance. There is a great deal of enthusiasm about 
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new construction. What is the proper relationship 
between the amount of money we should spend and 
the amount we should reserve for maintenance ? 
How this program is going to hold in 10 years is 

another economic question. We have at least 
5,000,000 motor vehicles. They have cost $1,000 

apiece, which represents. $5,000,000,000 invested in 
rolling stock on our highways. They tell us that the 
machines are junked once in 5 years. But suppose 
they are only junked once in 10 years? Suppose the 

junking process is due only 50 per cent to the roads? ° 
See how much that is, and capitalize it, if you please. 
How much can you afford to spend to avoid having 
that waste by improving your highways? Those 
questions are economic ones. 

I don’t believe we know enough about the construc- 
tion of concrete roads. I think Mr. A. N. Johnson 
published a table in the Engineering News-Record 
recently in which he showed 30 different mixings of 
concrete, using gravel and broken stone as aggregates. 
We need to know the effect of bulk and waste on 
concrete and bituminous structures. We are almost 
in total ignorance. 

QUESTIONS TO BE ANSWERED. 

The question is continually raised about impact on 
the road. We do not know anything about rolling 
friction. If you will look up the literature on the 

subject in any library you will find it is almost a total 
blank. Some of you who were at Detroit at the con- 
vention some years ago probably saw that machine 
which tested competitive types of pavement by pound- 
ing them with a horseshoe. We didn’t forsee then 
that that horseshoe was to be taken off the pavement. 
We have a condition to-day which approximates a 
plane surface on which we are rolling cylinders. If a 
wheel is a perfect cylinder and the road is a perfect 
plane, how will you get impact ? 

The question has been raised, What is the economic 
depth of concrete roads? I think Mr. McClintock, of 

Massachusetts, was the first man in the United States 

to segregate road stones into different sizes, and he must 
have been forced to choose the size of stones by their 
relation to the thickness of the road he proposed to 
build. Are there any governing factors in the size of 
the aggregate? Considering that for a moment in 
relation to the recent discussion regarding the area 
theory in the use of cement, ask yourself the ques- 
tion: Couldn’t you use 4 or 5 or 6 inch aggregates and 
build roads beyond all possibility of breaking up while 
using no greater amount of cement ? 
Now the question of width. It is surprising that a 

body of technical men should be so under the influence 
of conditions. What has determined the width? The 
width has been determined by the gauge of the old 
farm vehicle and the one-horse chaise. We are going 
to spend billions of dollars and be responsible not 
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merely for not keeping. up with things, but for not 
having foreseen things. The question is, How wide 
should we build our roads? That has been touched 
on only very lightly. 

If we can not answer these questions, then why 
should we complain if commercial interests and other 
interests come to us and say, “‘This is what you shall 

do.” 
TO MAKE RESULTS KNOWN PROMPTLY. 

Mr. MacDonatp, Chief of Bureau of Public Roads: 

In discussing the nation-wide program of research, a 
number of the executive officers of highway depart- 
ments have found it somewhat difficult to enthuse 
very much over such a program because of their fears 
that if this program were handled by a national com- 
mittee the results would be delayed until after the 
roads are built. I believe it would be well if Mr. 
Marston would define what function the National 

Research Council proposes to exercise in connection 
with such a program, and make it very clear that the 
results, however obtained, will be immediately avail- 
able; and that the National Committee on Research 
is not to be particularly a reviewing body, or the in- 
vestigative body, but simply the correlating body. 
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Mr. Marston: What we propose is best explained 
perhaps by taking up the case of one of these commit- 
tees, say, that which has to deal with the experimental 
investigations of pavement slabs, which has been 
mentioned. A chairman would be selected and on 
that committee would be appointed members repre- 
senting the various agencies which could be induced 
to undertake the work, representing different sections 
of the country. 

Certain work on that particular subject is already 
underway on quite an extensive scale. Such work 
will continue as a part of the program of this com- 
mittee. The bulletins giving the results of all work 
will be published as often as there is anything to 
publish, perhaps more frequently than annually, so 

results will be available immediately. 

The National Research Council merely fulfills the 
function for which it was organized by the United 
States Government, that of taking the initiative and 
of coordinating the work of all investigators, so that 
they will not cross each other’s field, and so that the 
whole field will be covered adequately. The 1esults 
are to be taken right off the griddle, as it were, as the 
meal proceeds. 

Shall Contract Bonds Be Eliminated ? 
W. G. THOMPSON, State Highway Engineer of New Jersey. 

: NE of the reasons advanced for the elimination 

C) of contract bonds is that they cost a great 
deal, and, in the opinion of one of my corre- 

spondents, are unnecessary to a very large extent. 

For instance, a contract for which the contract price 
is, say, $300,000, will in most States require a bond 
for the full amount of the contract, or a $300,000 
bond. That costs the contractor a considerable 
amount of money, and is bound to be included in his 
contract price when he bids. No man is going to 
assume an obligation of perhaps $1,000, $2,000, $3,000, 
or $4,000 on a contract and not make the State or the 
governing body pay for it. 

The argument has been advanced that you always 
have sufficient money withheld from the contractor 
to paralyze him if he withdraws from his contract or 
performs it in an unsatisfactory manner. In New 
Jersey we withhold 20 per cent of each monthly 
payment until the completion of the work. So you 
see we are quite well protected up until the end of the 
job. Really, on a $300,000 contract, we have 
$60,000 withheld. Now, a reputable contractor would 
be quite jealous of his reputation in the first place, 
even if there were no compelling clause, and in the 
second place he is going to think a lot about giving up 
$60,000 which is the withheld percentage on the 
$300,000 contract. 

It seems to me the subject is very well worth serious 
consideration. Some of our members here have said 
that they do not wish contract bonds eliminated, 

however. When we consider the enormous expendi- 
ture now in prospect for highways during the next 
two or three years, the percentage of the total amount 
to be paid by governing bodies for the privilege of 
exacting the full amount of the contract as a bond will 
cost the State a great deal of money. 

There has been up to date, of course, in most locali- 
ties an insufficient number of reputable contractors to 
carry on this work. This is because of the fact that 
the programs have grown so rapidly that contractors 
in other lines of work have been unable to adapt 
themselves to the new conditions, and are therefore 
not altogether competent to carry on highway con- 
struction properly. Yet with the experience and 
training of the past two years we are getting together 
a pretty fair aggregation of highway contractors. 

With these premises I present the subject to you. 
As I see the matter, we are to offset the rather vague 
advantage of requiring the full amount of the con- 
tract as a bond for proper and faithful performance 
against the enormous cost to the State that is abso- 
lutely lost to the ultimate object of road construction. 
It will undoubtedly amount during the next five years 
to hundreds of millions of dollars worth of actual road 
construction lost to the State because of the money 
paid the contractors for the bond requirement. 

DISCUSSION OF MR. THOMPSON’S PAPER. 

Frank R. Rogers, State highway commissioner, 
Michigan: We have had more or less trouble with the 



matter of bonds. As a matter of fact, I might say 
that we are required in Michigan to take one bond 
from a contractor, which is a statutory provision, 
guaranteeing the payment for labor and material. 
We can not eliminate that. The law says nothing 
about the size of the bond, or whether it shall be a 

surety bond or a personal bond. 
We have some difficulties with the bond companies. 

In the first place, regardless of the size of the bond, 
they figure the fee on the size of the contract. If it is 
a $100,000 contract, and we only exact $20,000 bond, 

they charge 14 per cent on $100,000, yet assume no 

liability beyond the size of the bond, which is very 
unfair. 

We have found it necessary or at least advisable in 
certain instances to take personal bonds in small 
matters such as small bridges for instance. We have 
a line of contractors who are good mechanics. They 
have not a very great capital, and the hardship of a 
surety bond sometimes is considerable. In the first 
place, the surety companies insist on haying enough 
money behind the contractor (either of his own or his 
friends) to guarantee the surety company before they 
put up a bond to guarantee the State. That does not 
work very well. 

Up to date, I will say frankly, we have had as much 
trouble with surety bonds as with personal bonds, if 
not a little more. The matter of personal bonds is 
more serious in a local community, where the bonds 
are for persons who have friends who can, make their 

influence felt in the common council or county board 
than in State work, where the person bonded has no 
such friends at court. 

We may have some trouble with personal bonds on 
a few contracts. It is pretty hard to strip a man of 
all he has when he has given a personal bond, and 
you do not feel that way about the surety-bond com- 
panies. However, our experience is that the surety 

companies are past masters in taking advantage of 
every detail. If there is a slip anywhere they know 
how to gét out of the responsibility. So there is more 
or less trouble that way. 

It is a pretty hard problem. I put up to our 
advisory board at the first meeting the question of the 
possible unfairness involved in exacting a surety 
bond in some instances and in other cases taking a 
personal bond. I asked them if we should lay down 
an ironclad rule in all cases. I told them about the 
small contractor and our troubles, that it might 
eliminate the small contractor entirely; that, in fact, 

it would be impossible to get contractors to bid on 
certain jobs if we required a surety bond. They 
decided we had better use our judgment as in the 
past. 

NOT WISE TO ELIMINATE THE BOND. 

[t is a seriously complicated and difficult question, 
although it never occurred to me that there was any 
possibility of getting away from the bond entirely, 

3 8 

‘one from their standpoint. 

and I do not think it would be wise in our State. We 
couldn’t do away with it entirely, and I don’t think it 
would be wise to leave out the bond for the faithful 
performance of the contract. although we seldom take 
a bond for more than 50 per cent of the main con- 
tract; and if it is a contract which is largely a labor 
proposition, and very little material is purchased from 

a distance, so that freight charges are small, we 
sometimes make that bond as little as 25 per cent of 

the contract. 
GrorGe KE. JOHNSON, state engineer, Nebraska: We 

do not think it wise to discontinue the bonding of 
contractors on highway work, for two reasons, one that 

appears ridiculous. In the first place, we get a good 
deal of the money you fellows put into bonds; in the 
second place, a bond is a form of insurance against 
possible loss, and if you carry the principle of discon- 
tinuing bonds through the whole matter of contract- 
ing you will come to the conclusion that you do not 
need any insurance at all. It is perfectly true many 

of us never collect from bonding companies. But once 
in a while we do get caught very badly. The State of 
New York during the last two or three years has been 
caught by unreliable contractors on a number of occa- 

sions. For these reasons I think the use of surety or 
personal bonds is advisable. 

Guy Minter, Bureau of Public Roads: I think as 
much of the trouble in New York was due to war 
conditions as to unreliability of contractors. Having 
figured up the premiums they have been paying, and 
the cost the bond companies have put them to in 
court, and having balanced those against the recov- 
erles from the bond companies, New York is now 
accepting a bond for 50 per cent and withholding 10 
per cent of the contract as the monthly payments 
come in; or, at the option of the contractor, they 
will not require a bond, but in that case will with- 

hold 20 per cent. As I see it, it is a matter of bal- 
ancing of cost. They figure the cost will be less by 
the new plan than by continuing bonds. 

Mr. JoHNson. As soon as we adopted the policy of 
allowing personal bonds the bond companies came 
down a half a cent on contracts. 

TOO MUCH PAID OUT FOR BONDS. 

Mr. CoYKENDALL, engineer of road management, 
Iowa: We require surety bonds for anything above 
$1,000. I suspect that some of the bond companies’ 
agents boosted that law. It is, at least, a very good 

We have seriously con- 
sidered the advisability of legislation allowing the 
State to carry insurance. Of course that is something 
we would have to get through the legislature, but it 
looks as if the expenditure for bonds is entirely out of 
proportion to the protection they give us. 

With the projects we have on hand we can well 
afford to carry insurance. We have also considered 
the possibility of getting up a black list of contractors | 
that are inclined to take advantage, if the bond pro- — 
vision should be stricken out of the law. If that is 
done, it would be well, we think, to attempt working 
the same kind of arrangement with other States. But, 
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as indicated before, we are paying out of all propor- 
tion to the value received from the bonds. 

H. J. KNvuewiine, construction engineer, Wiscon- 
sin: If all these large manufacturers can carry their 
own fire ‘insurance, and a great many carry life 
insurance for their men, I can not see any reason 
why the State is not big enough to be its own insur- 
ance company. 

SURETY AND PERSONAL BONDS. 

M. W. TorkeExson, bridge engineer, highway com- 
mission, Wisconsin: The Wisconsin Commission has 
had quite a battle over this question of bonds. We have 
adopted the scheme the past year of admitting either 
surety or personal bonds—that is, we determine 
whether or not we will permit a man to give a personal 
bond. Ona Pee bis part of $1,000,000 worth of 
work 56 per cent had surety bonds, and 44 per cent had 
personal bonds. We look up the Dun or Bradstreet 
rating of the man before we will accept a personal 
bond. We think that, with the amount of work we 
are handling, we are just as able to do that as a 
bonding company is. 

Our trouble with surety bonds is the very large 
charge the surety companies must make to cover over- 
head expenses. We have found that some of the old- 
line lability companies have overhead expense for 
agents’ commissions and other purposes amounting to 
45 per cent, that never goes into protection at all. 
For some mutual companies such expenses run as low 
as 13 percent. For that reason we have been encour- 
aging our contractors to use the mutual companies for 
liability insurance, and there are some mutual com- 
panies that are as reliable as old-line companies. 

There is one advantage, however, of the bond in the 
surety company. A poor contractor can not get a 
bond. In that way the surety-bond requirement helps 
to eliminate some of the overzealous fellows who want 
work and are not able to do it when they get it. 

There is another point that is sometimes overlooked 
which is illustrated by a contract we had for $200,000. 
The rate was 14 per cent, which would make the cost 
of the bond $3,000. The contractor wished to sublet 
the major part of that work. As our State doesn’t 
recognize a subcontractor, the bond of the subcon- 
tractor had to read ‘‘direct contractor,’ and the sub- 
contractor had to pay 14 per cent, making the amount 
the State finally had to pay on that bond 4 per cent 
or over, depending on the amount of the subcontract. 
The rates sometimes run higher than a bonding com- 
pany will admit. 

In a series of years of work there have been only 
two cases in my experience where a bonding company 
has been called on to pay. We have three, I think, 
we will lose now. If you add up the losses you have 
with the premiums you have paid, I think you will get 
extraordinary results. 

J. H. Mutien, chief engineer, Minnesota: We pay 
between $150,000 and $175,000 a year on surety bonds 
in Minnesota. I don’t believe we have had recoveries 
from the bonding company to exceed $3,000 or $4,000 
a year. We have not had to go to the bonding com- 
panies to collectona bond. There has been a waste of 
over $100,000 a year, I believe. Mr. Thompson’s idea 
is good; we could carry our own insurance to good 
advantage, paying a little more attention to the 
responsibility of the contractor, his resources and 
ability to handle the work, and devise some other 
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means than exacting 1} cents on every dollar's value 
in a job. 

AMERICAN RAILROAD ASSOCIATION TACKLES 
THE CAR SERVICE PROBLEM. 

The commission on car service of the American Rail- 
road Association has issued the following circular, 
CCS-7, in regard to car service for the transportation 
of road-building materials. 
To RAILROADS: 

information reaching the Bureau of Public Roads 
of the United States Department of Agriculture, from 
various State highway commissions, and from produc- 
ers of materials used in road construction, indicates 
that there will be an extraordinarily heavy movement 
of these materials during the coming season. It is 
estimated that the road building this year will not be 
be less than three times that of the heaviest previous 
season. The transportation demand will be accen- 
tuated by reason of the fact that much of the road 
construction will be in territory where stone, sand, and 
gravel deposits are so located as to require abnormally 
long hauls. . 

It seems to be apparent, from what has already 
been brought to our attention, that the handling of 
this business will require some cooperative action 
between individual railroads and the commission on 
car service in order that maximum use of equipment 
and adequate service for this traffic may be secured. 
It is suggested, therefore, that individual carriers 
should, as promptly as possible, ascertain the demands 
that will be made upon them, and in the event that 
relief seems necessary, the commission on car service 
should be promptly advised of all the facts so that 
the necessary steps may be taken looking to such 
readjustment of car movement as is possible in indi- 
vidual cases. 

W. C. KENDALL, Chairman. 

State highway departments and county and muni- 
cipal road and street officials can render invaluable 
assistance to the railroads and, at the same time, 
promote their own interests, by at once notifying their 
local railroad officials, as to the probable tonnage of 
materials they will require during the coming con- 
struction season. 

The commission on car service is a body which has 
been formed, since the return of the railroads to 
private ownership, by the American Railroad Asso- 
ciation. in large measure, it will take over the 
duties of the former car-service section of the divi- 
sion of operation of the United States Railroad Admin- 
istration. The new commission is composed of W. C. 
Kendall, chairman, A. G. Gutheim, W. J. McGarry, 
and W. L. Barnes. 

Already by a joint agreement with the principal 
railroads of the country, the commission has in- 

‘creased the per diem rates on freight cars in transit 
on freight rails from 60 cents to 90 cents per day. 
By this means it is hoped to speed up the transpor- 
tation business of the country so that the shortage 
of cars, amounting to about 80,000 monthly, may be 
at least partially overcome. 

As a further means of speeding up the freight 
transport facilities of the railroads the commission has 
recently held conferences with superintendents of 
transportation and of railroad yards. 
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STATE TESTING ENGINEERS AND 
CHEMISTS MEET IN WASHINGTON. 

State highway testing engineers and chemists 
was held at the Bureau of Public Roads in 

Washington under the auspices of the committee on 

tests and investigations of the American Association 

of State Highway Officials. The purpose of this meet- 

ing was to formulate standard methods for testing 

road materials, to standardize methods for sampling, 

and to establish safe test limits for incorporation in 

specifications. 
Prof. T. R. Agg, chairman of the committee on tests 

and investigations of the American Association of 
State Highway Officials, acted as chairman of the con- 

ference. 
Those present were: 

[ )"siste the week of February 23 a meeting of 

T. R. Age, consulting road engineer, lowa Highway 
Commission, Ames, Iowa. 

B. A. Anderton, chemist, Bureau of Public Roads, 
Department of Agriculture, Washington, D. C. 

R. H. B. Begg, professor of civil engineering, Virginia 
Polytechnic Institute, Blacksburg, ey 

J.G. Bragg, senior testing engineer, New Jersey State 
Laboratory, Quarry Street and Taylor Place, Trenton, 
N.J 

L. G. Carmick, assistant chemist, Bureau of Pub- 
lic Roads, Department of Agriculture, Washington, 
D.C. 

W. F. Cooper, office engineer, Louisiana State High- 
way Department, New Orleans, La. 

k. B. Dayton, testing engineer, West Virginia State 
He Commission, Mechanical Hall, Morgantown, 
W. Va. 

A. W. Dean, chief engineer, Division of Highways, 
Department of Public Works, State House, Boston, 
Mass. 

R. B. Gage, chemical engineer, Taylor and Quarry 
Place, Trenton, N. J 

A. T. Goldbeck, engineer of tests, Bureau of Pub- 
lic ane Department of Agriculture, Washington, 
D.C. 

J. F. Grimes, assistant road engineer, Frankfort, Ky. 
H. B. Hinderlite, Raleigh, N. C. 
G. W. Hutchinson, testing engineer, State Highway 

Department, Dover, Del. 
F. H. Jackson, senior assistant testing engineer, 

Bureau of Public Roads, Washington, D. C. 
F. C. Lang, engineer of tests and inspection, Uni- 

versity of Minnesota, Minneapolis, Minn. 
H. Walter Leavitt, testing engineer, Maine State. 

Highway Commission, University of Maine, Orano, 
Me. 

Frederick T. Maddocks, testing engineer, California 
Highway Commission, Forum Building, Sacramento, 
Calif. 

W. D. Martin, Columbus, Ohio. 

Henry M. Milburn, chemist, Bureau of Public Roads, 
Department of Agriculture, Washington, D.C. __ 

W. F. Purrington, chemist, New Hampshire High- 
way Department, 19 Thorndike Street, Concord, N. H. 

A. S. Rea, engineer of tests, State highway depart- 
ment, Brown Hall, Columbus, Ohio. 

F. L. Roman, testing engineer, Department of Public 
Works and Buildings, Division of Highways, 820 East 
Adams Street, Springfield, Ill. 

F. C. Rossell, chemist, Maryland State Roads Com- 
mission, 601 Garrett Building, Baltimore, Md. 

R. L. Saunders, deputy state highway commissioner, 
State Highway Commission, Hartford, Conn. 

R. A. Seaton, professor applied mechanics, in charge 
road materials testing laboratory, Kansas State Agri- 
cultural College, Manhattan, Kans. 

E. B. Smith, senior assistant testing engineer, Bureau 
of Public Roads, Department of Agriculture, Wash- 
ington, D.C. 

D. V. Terrell, professor of civil engineering and test- 
ing engineer, University of Kentucky, State Road De- 
partment, Lexington, Ky. 

Malcolm H. Ulman, chemist, Pennsylvania State 
Highway Department, Harrisburg, Pa. 

M. O. Withey, testing engineer, Wisconsin Highway 
Commission, Madison, Wis. 

The conference was divided into four committees: 
1. Committee on tests of concrete and concrete ma- 

terials. 
2. Committee on tests of other nonbituminous ma- 

terials. 
3. Committee on tests of bituminous materials. 
4. Committee on test limits for specifications. 
As a result of the conference standard methods of 

sampling and testing bituminous and nonbituminous 
materials were adopted and a report of the committee 
on test limits for specifications was received, although 
not adopted by the conference. 

During the progress of the conference the following 
papers were presented on subjects that seem to be of 
special interest at this time: 

Penetration Limits for Asphalts for Different Types 
of Construction. By Prevost Hubbard of the Asphalt 
Association. 

Blast Furnace Slag, by the Slag Association. 
by Mr. W. D. Brewer. 

The Fineness Modulus Method for Proportioning 
Concrete. By Prof. D. A. Abrams, Lewis Institute, 
Chicago, Ill. 

It is expected that the proceedings of this meeting 
will be available for distribution in bulletin form some 
time in the near future. 

Read 
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INTERESTING FEDERAL AID PROJECT. 
N THE building of high- 

ways as in other 
clases of construction 

work the unusual is al- 
ways of interest. It is the 
tallest building, the biggest 
ship, the longest bridge, 
which attract attention, 
and justly so, for such 
works are measures of 

unusual attainment and, as 
such, are powerful stimu- 
lants urging others to equal 
or to greater effort. 

One, therefore, looks for 
the unusual in highway 
construction, not because 
it has any special bearing 
on the every-day activities 
of the highway engineer, 
but because successes un- 
der difficult conditions are 
a measure of the courage 
and of the resourcefulness 
of the men who have dared 
to push forward in the face 
of unusual difficulties. If 
it were not for such men 

the profession would lag, 
and if it were not for knowl- 
edge of the works which 
they have constructed, 
courage to go forward 
would often be lacking. 

Such projects as Wash- 
ington Federal aid project 
No. 45 are, therefore, of 
special interest, for to at- 
tempt the unusual requires 
courage and resourceful- 
ness and to succeed in the attempt implies skill as 
well. This project is not along one. Indeed, it in- 
volves the building of only alittle over 2 miles of road- 
way. Nor is the purpose of its construction unusual. 
A lake of rare beauty, large forests, wonderful hunting 
and fishing, in short, all of the delights that nature 
can put in a single region lie at one end of the route; 
at the other, a prosaic railroad station. Between there 
is a rough and rugged mountain. For years all who 
have gone to the lake from the station have climbed 
this rugged mountain. It is true that there has always 
been another way, for the river which runs out of the 
lake long centuries ago cut apath through the mountain. 
But no one went by this way; the sides of the river 
gorge were too steep and the river itself too deep and 
too dangerous. It remained, therefore, an untraveled 
way, but it will remain so no longer for the Washington 

ON FEDERAL-AID PROJECT No. 45, WASHINGTON. TOP, CROSSING OF CHELAN RIVER. 

HEAVY ROCK WORK NECESSARY. 

BOTTOM, 

State Highway Commission, when it decided to de- 
velop a road from the station to the most attractive 
summer resort in the State, had the courage to build 
the road where no road had ever gone before, to blast 
a place for it in the solid rock sides of the river 
gorge. 

To record the fact that to build it there means to 
move more than 80,000 cubic yards of material, over 
half of which is solid rock, would be to infer that such 
projects can be measured in tons of material or in 
Holtare of cost. But they can not be so measured. 
It is not the rock that is moved or the money which is 
spent that renders such projects monumental, but the 
daring and the imagination of the engineer who is 
willing to cut a new trail where none has ever been 
before, because, as an engineer, he believes the new 
location to be the proper one. 
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On December 31 last the States had 
filed 2,243 project statements of 
which 2,173 had been approved. 
Work on over 1,600 projects had pro- 
ceeded to the stage at which the 
plans, specifications, and estimates 
are delivered to the Bureau of Public 
Roads; and project agreements had 
been actually executed and construc- 
tion work was in progress on 1,200. 
Jn the meantime, however, work had 

been begun on about £0 projects for 
which agreements had not actually 
been signed, thus expediting the 
progress of the work. 

The projects actually completed 
and paid for are comparatively few, 
but they are materially exceeded in 
number by those which are practi- 
cally completed. The coming year 
should develop a sharp rise in the 
curve representing the completed 
projects, as these projects are finally 
cleared and credited to the record. 
-One of the most significant facts 

SEPT 30,1916 DEC.31,1916 MAR.31,1917 

CHART SHOWING PROGRESS OF FEDERAL-AID WORK. 

HAT is virtually a complete summary of the 
operations of the Federal Government and 
the States under the Federal aid road acts of 

1916 and 1919 from the passage of the first law to the 
close of the calendar year 1919 is contained in two 
charts recently prepared by the Bureau of Public Roads. 

The first chart, reproduced here as figure 1, shows 

the progress of Federal aid work by numbers of pro- 
- jects in the various stages from the initial project 

statement stage to the final completion and payment 
for the work. 

This chart traces the development of this important 
work through the early days of comparatively small 
accomplishment, when appropriations were small and 
the States and Federal Covernment were laying the 
foundation for the great cooperative work which was 
to follow; through the lean years of the war when road 
building was put aside for the more important busi- 
ness of war; and through the period of accelerated 
accomplishment which, following immediately after 
the armistice and gathering new momentum from the 
passage of the second act on February 28, 1919, con- 
tinued through the past year. 

brought out by the chart is the great 
reduction which has been made in 
the amount of time required for the 
preliminary work before actual con- 

. struction work is begun. By closer 

cooperation and improved facility in handling the 

necessary preparatory work, this period had been so 

reduced that, at the height of the last construction 

season, it was little more than one-half as long as it 

was in the early stages of the work. 

For those who are interested in the performance of 

particular States the second chart, figure 2, will con- 

tain interesting information. The various symbols 

show the total apportionment of Federal money to 

each State available prior to June 30, 1920, and the 

amounts of such money covered by project state- 

ments submitted and approved; plans, specifications, 

and estimates recommended; and project agreements | 

executed; and finally the amounts actually paid on 

vouchers to the States prior ‘to December 31. 

The average State has submitted approved project 

statements for about five-eighths of its allotment, and 

has entered into agreement to construct highways 

which will call for about one-third of its Federal aid 

money. Vouchers have actually been paid this 

average State in the amount of less than one-tenth 

of its allotment. jt should be remarked, however, 

that this latter figure is no fair indication of the value 
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of the work which has been completed, as many of the ware, Illinois, Indiana, Maryland, New Hampshire, 
States have funds which are so ample that they are Ohio, Pennsylvania, and Washington, all of which 

able to carry on the work without requesting payment have submitted approved project statements for all 
by the government while the work is in progress. or nearly all of their allotments, have entered into 

STATUS OF FEDERAL AID FUNDS BY STATES 
ON DECEMBER 3i, 1919 

{ROTAL APPORTIONMENT, ap _ AMOUNT COVERED BY PROJECT STATEMENTS APPROVED —— P.S.AND E. RECOMMENDED OMIM 
PROJECT AGREEMENTS EXECUTED (SBIR VOUCHERS PAID =a 

STATE DOLLARS es 

S 8 3 
4 i _ S Ss S 

s = 
oO J 

ALABAY i SEES TTT 

<i i | 
Leite irain ts lalate etc Tepeer lei 

ae fn PEPEEDE EE reer ereesannnee 
COLORADO 

CONNECTICUT 
DELAWARE 
FLORIDA re, 
GEORGIA Ss sia UTTTTTATUITITIITTT 
IDAHO acerca TTT] 

ILLINOIS aeeee Sie Vig arg (Ge Ure ala wp acl bie yal Gn'e Of ae" 6 eeepc mesicen trereesecas teeter ceeten roa 

INDIANA Seeirrss 
1OWA Seeenes 

KANSAS ; 
KENTUCKY RHE 

Prete ite icicle eet eee 

LOUISIANA reeeeenens 

MAINE ey 
MARYLAND =| 

MASSACHUSETTS MABE sis 
MICHIGAN 
MINNESOTA 
MISSISSIPPI 
MISSOURI 
MONTANA 
NEBRASKA 
NEVADA 

NEW HAMPSHIRE 
NEW JERSEY 
NEW MEXICO 
NEW YORK 

N. CAROLINA 
N. DAKOTA 

OHIO 
OKLAHOMA 
OREGON 

PENNSYLVANIA 
RHODE ISLAND 
S.CAROLINA 
S. DAKOTA 
TENNESSEE 
TEXAS 
UTAH 

VERMONT 
VIRGINIA 

WASHINGTON 
W. VIRGINIA 
WISCONSIN 

.__ WYOMING 

As work is finished which is now nearing completion, agreements for about one-half or more of the funds 

and the States’ shares of Federal funds are paid, this available, and have actually received payment for 

figure should show a large increase. _ work to the amount of from one-eighth to three- 

The outstanding performances are those of Dela-  eighths of their total allotments. 
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DECEMBER AND ile FEDERAL AID. 
FEDERAL AID, pee: STATEMENTS APPROVED, FOR DECEMBER, 1919. 

State. 

Arkansas...---.---- 

Califoriiaa.s-seeeee 

Coloradoss<see ee ree 

Georgia... 5 le sata 

Kansas. see so 

Kentucky 

Louisiana. 3:22. <2 

Michigan 

Minnesota 

Mississippi-es-ope.s- 

Missouri 

IMOnmtan cise, seen - 
Nebraska. 

Novada see aeeee 2 

Mew Mexico........ 
INewrviork: equa a 

North Carolina 

South Carolina. .... 

Number 
of 

project. 
| 

1 Revised statement. Figures given are increases over those in the original statement. 

Teneth in| Project 
County. pi in} Type of construction. statement 

s ae approved. 

| ry | | 
CPO8S3..a2* -< Shee oem eae nee ae DUS Gye WC eh MER S25 oo aded ce aaeege oc cee ac sg ae Ode | Dec. 2 
Washingto Th een tee ee WSR GS MEE NG Een sale Oe ee eben eo cece eens eee eee | Dec. 5] 
Hempstead. Sian cascec ees aes 9.51, Gravel, macadaml 2 fa. cee ee ccs e Nae eee eee Dec. 22 | 
MONO KOs: a: eh ce ae ee ee oer ee 6:40 mieGravelandiasphaltzesee cere cnr s peer Dec. 10 
Phillips c= es seers ee eee eer el 7.94 || Warrenite on concrete base:. 2-2-2832... =. Dec. 12 

> eae dO... 5 2e e e eee 7571 IMS, S80 sion e eee ea cee teen ae eee eee PL OCyND2 9] 
Prairie. 2.2. anemone | 2.09 | Gravel, macadam, and asphalt.................- Dec. 26 
Cleveland. S2:Setee ta neee eae 4.000 i Gravel -cac.sus aeeiseis see ese eee oes fae Dec. 23 
Benton. 2.52. c0 eee ee | DSA aera GOSS a ee ee ie Be eee Dec. 20 
Riverside... 22 ahee eee ees 14,33: o) (Concrete so ancact sa-- ca eee ode ee ee ee Dec. 27 | 

imperial 2. 8... ..jacc eee eee TASS OSM erate < CO scteeseleiecatacein felon -m eerree te Morice aerate rama douse. 
IP FOferson:.c S.--. 22 eee een 13946 Marth sot Sons tank 2 bone Se oe be est eee eee Dec. 26 
Arapahoe: dc.) a seeree ee eee | 17S) Comenticom crete s exe oan caesar ere RG AdOo set 
Weurerson cas -e eee ee eee | O30 salee cee (6 CES See eas SGanbAgGe soe aeaae oe tahoe oS eEdOs.see 
DAWSON Y i 5.262 ee ee eee eee TO0wiOanG-clayaor tOpSOUleses mee seem eees eee Dec. 20 
ag nine= <5: hoa sat ee 3.00 Gimmand-clayees cemetery cece. cece Soe rae tae eto Dec. 26 
ipickens.. .4 2.) 5-4: epee oe easel 8. 00 “WeGrayvel orerushed|Ston Gee. aces nae eee Dec. 20 
Oarrollee. oo Ate eee eee 8:10 Ae LOpsoilissee ae eee oe rh Be eae Ur oe tee 
Rendolph.cs.¢ see Peete 6:00 “ikSand-clay, oc. ..So:e. ss os cts teeta Reese e 
Grady: sea\t-22 esate eee eae eens Marlee este BTA eS spel ng hs cele anes wey eae tans ee meet 
WaShIngtODe: 5: sae ass eee ee 5.75 i Sand-Clay oo. eee pseu nee eee eee 
IBOOTIOLS.f 2 $U 2 ee eer eas | 99.50. sNGTa Vel Hiden see cr iactetys fee oc ee bes So eee 
Clayton)... 3.2 Ses Shoe aes 32.20. VER arthes sie ode seek a nsise's simmesieneeiraeres snes 
Gredhw00d sees eee ere eae 5.90 | Bituminous macadam or concrete 
Crawiord.:- 52 [22sec eee eee ae 5.00 Seen. dO sn Fce oe ses bnsctiene Seer eee Che eee eee ae 
Mee GOSS... L.cut2 pe eeeee ees 12500) \Brickoriconeneteszemc= messes sete ese eet 
fore Le bysecs MUM Wee ME ot oR Oe oe ¥1..85'. | Macadam = Acf ise aJes are eee ena actin 
Warten. 2: tac eee eee 2 (5a \easphaltorbitumnous ea: eeeeeeteer sees Eat eee 
Thafayette . 2 seat eo eee eee 10.425) Gravel... .. 25 cmiemteeraer eee ey Teele eye ee 
St. Charles... 2.ee ese eee OoDS ei) sjateioie wis! 6 smite wlan he aie ni etorn tel rere ar = Sere ee aia 
Nb Olalt?...2 oc: Saree eae 6.16147) (Concrete. .... cece. ahs emacs eae See neene 
Muskegon... .Bicheesseaee awe De S92 i \zeteer OU bee Camere Habre les hCoHE 
IBenton:.2.% -. ese eee eee 5 OOM Gravel Soe: oo omeeeee eee 
Polke 5.250. SS hee ene oe ees TTS piles (0 (ORR sci gear eae, Ge matte ae ake” 
OITS TCA ee. oe lee eee eaten 4554 eal Concrete, brick, Or asp haltaen ot see eee 
Stecloso.c ie cs oie eee 8.10 | Concrete, prick’ orasphal tases ene yee ub ee 
Crow Wineee.- oben oe ees Sua aleeees GOS, 2 ct See ee et Cee eee ees 
Sherburne. (eee ase eee eee 9.50 SOLER Shae ds Se See ae eee ee 
(A aT Sac. wet. ces eee oe eee 3.60 | Gravel or sand- “C18 Y.<. Saher ea ee 
Jetlerson= tere oo cee eee eee 35.35 .4/<Gravel ). 0.5 Sok catmacteceeee re aoe eee ne eee 
LONI yas Benen eer eee ness eee Att 2emecees COraS cstictonseenet Ameer eeene Es eee ee 
Platte. ee Roe Be eee ce 8.22 | Brick on concrete foundation 
Harrisons tet eiene shou ene rie 6.62 OPCS secs ne sales ee ae seco tele reer 
Howell 3, 2m Sa eee Sate eee 40.00 | Gravel 
Cape Girardeau eae ae een 3.22 | Concrete 
Wawrene cassecaceecaee se eeree fers 22.00 | Gravel 
Gentry io. Sees eae eae eae 8.58 | Bituminous macadam 
JASPOL. hE S.. - aie et a eesarecee eee 4.00 | Concrete 
Bittler- 22 as-. ae ae eee ee eee 24°00 MtGravel et ae oak Pee ee Saw ae eee Nese eas 
Beda GOsi ff a5- Cash et see eae ease ee 13.00 #a|iGravelandiconeroten: gcse s sees eee eee eel 
ING tOn SSeS eee ©. ot eens ae eee 38.00 cal (Gravel See wee ioe eee a here eee ner a 
Plattes.c ies) See ae eee 35002 1 Concrete aces nates pect seen tree tee eee eae ne See aes 
Thayer and Jefferson............. a 24°50" | Barth eee rc Steen cape a emo eee eins tear 
Perkins -..4: ei ee ete eee 17580 sa ebarthvandisand-cla vio eer sea eerste een 
Gage, Johnson, and Powell........ | 3390) {Barth fas: Se sseiee. at ie ee see eee 
Dawes and Sheridan...........-..- 34.40 | Earth, sand-clay and gravel 
Custeti- 3 24S Ree. 6a eee 23.40 | Earth and sand- clay 
Cheyenne S552. Ak seek on eee | 33% SOST Ss KEG 2 pee col. SO ae ate Ae a era eS OYE a 
Pawnee and Richardson.......... 24.10 | Barth.......- 
Seward ss.) coos oreo eee 17.90 Be OE R oe, sce 
Washoe tes 2oce oo SSS ba ee te ae Bridge 
Clarks: Gee Bee ae eBags ore caer ee ee eee dO: S33 2 Jase ee. ee a ee eee ae 
Quay ccicesacecoe wesme nace es tee 1.00 “GOES Soe Sen R ee San See Sern: Sa ae " 
Herkimeriec Soest So eee eee 1.1706,.)|: Bituminous. 52 eo eae Se ee oe : 
Schuyler and Seneca..........-..- 11,70 <1): Coment concreteyie. 2 ee sone eee ee eee a 
Schoharie se. Shh. be 2 ba eateries 10°34 MaConcretecct.: fesse eee ote eae eee eee mere 5 
IBTOOING 7 sret ence inacet: cane eae ees 4.40 Srlas LO as Stee ae ape te hae ere ne eeeee nce Oe des 
OSWOR0 aes tee eee Seems are O87 0 aes. (6 Ko ap OEE yt te ee ee Ae ae Sy eee ve 
Orleans: 3424 Stas eee eee 2.05 £0; 55,5 oe A eae ee ee ee Lae b 
Cleveland 35.asne ston eee 1.65 | Concrete or bituminous. ............-.,--------- b 
Montgomery..-...-.---.---------- 20270 Mal Topsoil 52 Ste eae eters ane eis ae eesti nets : 
Davidson sa: cee een ae Deo Ole eisiesi C6 (0 RM ca co a Op ors fete at rac i" 
McD owelliz.-.. snc eee eee 28.50 | Sand-clay, topsoil, gravel, or shale............-.. pe adOies= 
Davies eit. : eee tee ea eee rep 4d || MAM OMI E 8 1580 Qounecoppangonasdecdacacn-Susee cs: COs 
Pamlico ae:4. caer eee tenes see 2 13°60) a) Concreteomotherhard-sunia conser. sense eee Ore 
weet EL eponndateeo sos yo Rese so ee 10560)4\ wl opsoil Soc vesenirce slo een- ele eet ee eee Dec. 26 

eh 2 OOO cow aan daa eae ere a 10/85) 4|Sacte 202 So ciie Seta gee Sent Sela eee eee eee SL CCmELS 
Brantlin And Warreninemaase sa. 2 235000 alee ODSOlL, GaNG-Cla yee so melee oe eee me dOsnen 
Mitchell tae < So Gece e rere eens | 1 OK00 sit UT OUS  cteereetetes o rereca ete eee aetna eee Dec. 10 
YVGNCOY Gre oe ae eee Raters a Bree 3.00 a) sand/and cravell 22. 2 > 2 eee aac eee eee ee --| Dees 26 
Lee‘and Moore... asseede-= 2 eam RY ae ee rae oree concn. bee crn cee tones Dec. 30 

Cha thams nes.0 se sper te yet 3480 MCL ODSOL cet aiaiavese0e tee ieee mene eens sane Dec. 23 
A VOL. sa oeea 2 6 ee ace astcs 4 2100 sie Macadam and eravele ans: seen ese eet eee ene 2 doeses 

fe Ev euma.dl Ol Wn.2 estore terete iether 19:30 |} Topsoil Sees aise been ce ee eee 5 Dec. 26 
Madison 222-2 on ee ae eee 3)00 ai Gravel or sand-clayecs seers ete eee Lee peudoscas 
Allen. Ssh tote ay ene eee ae ee 3.14 s\.Macadam or bituminousas aac. =. sss eee eee a. Dee. 4 
Hardin 2.534 aces aie abr SA0D ma MOSLtUIML NOUS OT CONCLCLO amy eater eee Dec. 10 
JOMerson sacs ee ee ae oe EO7IMBricks 2 i555 ....2.. 2 Se eee see ee ee eee eeO sees 
Wiarton = aera se eee eee 65965 Hei tumInous.... 22 ea Aten sree = ween ere Sears Dec. 4 
Comanche site Sertss eee te OO OOMNRGT Hy Olite caer see ra tee Seen mie see Soe he re Dec. 8 
Pushimatahatl se eee 4; GOIN ates (CP ba cc tne ae Oe Oe oem att LOSB oe 
La@kes: seaa aot a= ee ee 3 te 1 Hy fo wl eae (0 bs Peee aie en i, 5 Sa ek ed aga Ses Dec, 12 
Uma tillatiex cee eee ose Tob 2 aleeee 6 (ee EE 2 on a ee ta Dec. 27 
ATtkem= Ajeet a ee Cee ee oe 21 e803] |RQAl Vel OF SANC-CLaY, auctyece amare tte een te eee ora Dec. 16 
Allond alone tee eee ee eee LOS G65 jleand-clays 222.22 16.20. coe ee ee eee Dee. 12 
Clarendon. 3204-ee eee ee WeOlOnlenees GOs cet ane oe ee Beane Dec. 10 
Florence sce. ee eee 5. O8L a Comment concrete sce ctemeteetie celine erceienie eee Dec. 23 

Estimated cost.| Federal aid. 

$26, 427. 50 $13, 200. 00 
47, 099. 80 15, 000. 00 
63, 789. 00 19, 000. 00 
72, 467. 34 21, 000. 00 

224, 565. 00 36, 800. 00 
195, 025. 60 30, 000. 00 
30, 093. 05 5, 400. 00 
18, 541. 60 8,700. 00 
70, 796. 12 34, 500. 00 

347, 765. 00 173, 882. 50 
348, 496. 50 174, 248. 25 
58, 708. 76 29, 354. 38 
43, 957.10 21, 978. 55 
86, 646. 85 43, 323. 42 
51, 564. 34 20, 000. 00 
31, 600. 80 15, 000. 00 
48, 239. 44 15, 000. 00 
59, 856. 50 15, 000. 00 
34, 650. 85 15, 000. 00 
23, 760. 00 11, 800. 00 
43, 816. 85 20, 000. 00 

132, 558. 25 66, 200. 00 
160, 050. 00 80, 000. 00 
275, 484. 00 58, 500. 00 
270, 892. 09 75, 000. 00 
722, 645. 11 180, 000. 00 
1 49,714. 91 124, 857. 45 
50, 000. 00 25, 000. 00 

129, 897. 53 64, 938. 76 
62, 531.15 31, 265. 57 

554, 070. 00 977, 035. 00 
728, 068. 00 364, 034. 00 
28, 215. 00 14/107. 50 
68, 714. 80 34, 357. 40 

554, 267. 90 163, 280. 37 
258, 682. 60 70, 604. 78 
118, 831. 68 35, 649. 50 
297, 222. 20 89, 166. 66 
28, 715. 50 14, 357.75 

367, 284.72 183) 300.00 
84) 475.05 42) 237.62 

462; 485.37 171, 900. 00 
65, 619. 40 32) 809. 70 

186, 598. 50 93) 299. 25 
102; 530. 68 5. 265. 34 
82, 999. 89 41) 499. 94 

181, 537. 40 90; 768. 70 
88, 000.00 44’ 000.00 

268, 323.00 134) 161. 50 
80,344.00 40) 172.00 

208; 885. 60 1047 442.00 
106, 099. 40 53, 049. 70 
91, 245.00 45, 622. 50 
63; 725. 20 31, 827. 60 

109; 043.00 54, 521.50 
140,043.20 70, 021.60 
77, 198.00 38, 599. 00 

137, 038.00 68, 519. 00 
82, 137.00 41, 068. 50 
163,717. 50 31, 858. 75 
74, 855.00 37, 427. 50 

153, 168. 40 76, 584. 20 
129° 800.00 64, 900. 00 
1 76, 300.00 1 38, 150.00 
468, 000. 00 234, 000. 00 
413, 600. 00 206, 000.00 
176, 000. 00 88, 000. 00 
388, 000.00 194° 000. 00 
82) 000. 00 41) 000. 00 
45, 730.96 22? 865. 48 

323, 825.92 161} 912.96 
39° 607. 26 19, 803.63 

346, 354. 25 173, 177.12 
43) 421. 40 21; 710.70 
231; 497.20 115, 748. 60 
72; 294. 53 36, 147. 26 
89) 952. 28 44° 976. 14 
95, 960. 92 47,930. 46 

113; 084. 40 56, 542. 20 
35, 373. 80 17, 686. 90 

2397 398. 28 119) 699.14 
273, 531. 28 136, 765.64 
229, 735. 00 114, 867. 50 
226, 633.00 113,316. 50 
48, 507.03 24, 253. 51 
91) 000. 00 31, 400.00 

228) 000. 00 90} 000. 00 
59) 400.00 8 000. 00 
187 000.00 93; 500.00 
76,096. 50 38, 048. 25 
65, 632. 40 32) 816. 20 
15, 364. 80 ip 682. 40 

110, 771.10 55, 385. 50 
128° 056. 12 25, 000. 06 
89; 892.03 12; 000. 00 

143) 183. 86 red 591.93 
216, 511.75 84; 000. 00 



FEDERAL AID, PROJECT STATEMENTS APPROVED, FOR DECEMBER 1919—Continued. 

} Number | Length in Project 
State. of County | fi = Type of construction. statement] Estimated cost.| Federal aid. 

project. | miles. approved. 

South Carolina..... OD OA OU A wennse ee: aieeenanie Sencar see | A SGM MLODSOI lense to's A= clec cians «ott cee tan Manet eeer | Dec. 22 | $64,314. 44 | $32, 157. 22 
53 | Charleston and Colleton...........'.... renee ipBildgoueruse tee oe eee DEES Re do... 68, 129.38 34, 064. 69 
GOA BBOR TION Meeecile meee seo ns waist elo Sela ee ele eaies dc PN RRC OIE on Set atypia Le: Dec. 26 207,900.00 | 103, 950. 00 

| BD | NUNidneee seme se eee ees es hy Pr16a¢85ale Harthand topsoilsc..c2 56 oneness tee Dec. 20 93,618. 65 | 33, 495.00 
South Dakota. ...-- OSC ATSOD ees stems es Oe wus 5 OO Uea GTA V Cl Se. coirs coer. site siae ater ies Heep temena esa ' Dec. 30 46,407.68 23, 203. 84 

SUN ploy aud ch 2 a oo See ee $2 30'S | Peiee CORSA eee easel hs Baw can cen oe eee eens | Dec. 18 72, 503. 20 | 36, 251.60 
| Slalt BOA Gl Oeaaeemis aris rteS -uers Ac oY ie n.2 Son S50 eee Cl)? BE op erin tee epee ee SF eee ee eee Dec. 30 67,875. 50 33° 907.75 

S2i CINE ROSEr eee ee ae Seen a 16/00 Mee see (LOS te Ons eee peat See okey Gad aan Dec. 18 131, 466. 50 65, 733.25 
SOnl MINGIpe eee norte es nee iat oie oo 1D 10 mileeee roland, = ncte et ete Mtn Ute Ea eek ARE SPs ie dover 81, 339. 50 40; 669.75 
SAN MS Dilbert hens cites sees spc 10390 ieee LO Bere sche Ree oe Mame ec ont fea ee eee Dec. 26 74,053. 10 37,026. 55 
$5) BOuLELOMMe.. a. eae Sa e | 13. ae Shese COB os eee emia as ole ees ae ee tae Dee. 22 104, 579.00 52, 299. 50 

Tennessee. ....-2--- LIC arr Olleers qoease tek cette Se Ctl oat CLedeTO: ieoees LOM ire Ray ech NEBR hee Son he Se ee | Dec. 2 201, 119.63 100, 559. 81 
| 2A EMG TI OTe we tere Renee ee Ae Macadam®. fi ekg: stots mater oe aes Dec. 27 85, 856. 28 42,928. 14 

SLOXAS So :.< ence ee DISS MEUE eeeen hoes eee es hee arta GTaV Ol SC wot Wee Fy ee tee Re Dec. 2 535, 826.02 60, 000. 00 
119 | Wichita COnCKOEGS Sos nceG ohn fe eee ee eas | Dee. 3 483,212. 40 | 100, 000. 00 
en aoe EC Rae oa ne a oan ere Oe ae Gr VOlog ges dca sical: atari ashe bias ens claoteeeee ts Us: 30 315, 182. a 40,000.00 

ace Ss ee Se 5 ee BEN CLO Ris We Pk Sse wie ehe >, AE eee risers OO aS eal LO A'S (os 145, 370. 0) 25,000. 00 
LIEN Colne scythe tok. Sea cess alae Macadam and gravel........-..--2-sce-ceeeeeees “Dec. 26 497,050.40 100,000.00 
127 | Gillespie Gravel | Dec. 30 112, 378. 75 24,000. 00 

MermOltiesercniisen-t (DP) aap eV eek et eete koe aetna MERGT pee yo es do eed Oks. 302, 446. 10 151, 223.05 
WivOmine?. 25-2 2 45 | Albany... Local material Se 28, 600. 00 14, 300. 00 

| 52 | Fremont Sand-clay or gravel 8 a0) 39, 600.00 | 19, 800. 00 

Totals se eee 10 ie ren) eee OL eee ea wee 20 O01 ec cones ts aati Ae ON 4 Re wees. | 19,054, 127.56 | 7,798, 946. 61 

FEDERAL ; AID, >, PROJECT AGREEMENTS SIGNED, FOR DECEMBER, 1919. 

ile | Project 

State. | een County. eae Type of construction. | eat pee Federal aid. 

| | signed. 

IATIZ ONE foe ee siehsoes ON PERM Bieey yetet Seco eosin reece Su Qe COnGcreLeOL DitUMNinOUSS. pees eee eee Dee. 19 $116, 018. 00 $58, 009. 00 
PA IcaAn SSAct mare aan ; 29) Oraighoadee sen. 2 .chmecee neon nec DO O2ualPMACAd amis See e! SUNG So hin eae fy eet cesta 20 79, 714. 80 | 33, 000. 00 
California......... £3 OTA SLATS AUIShe nce eter eee nes ee 1257 OME CONCrETG tae ae aa en tee cee nee nek teen eons) 257, 835. 86 128, 917. 93 

DAsulll ALY Cs) aera ah i ene ee te ae 6. 68taliesee = CLOSE Some hace rec nr = Sloee ec ae eee hers 2 137, 303. 70 | 68, 651. 85 
2ON AIMS OTe. ee access oc oe WON Ee NDE Nad ole ak Bee a ca ae es aA TE xe eB amar Acer na 71, 828. 59 35, 914. 29 

Georgiass cs... ate ASal: Clarkore serene ek eee oe DpOOS MCONCTOCELCe atm an ote aa nero niale Tee oes ws eee somal ae Best a 83, 262. 97 | 41,631. 48 
UiROIS 2 eee ene eer : Dt 7f come Cie ore eae er Nas ye aay oes SZ A0SamETIGkoanG CONCLOLC reece tenant tne tence eee . 30 il vi ot 59 551, 108. 60 

Op Aen Oe he eek eg ete eee eee 25.496 |....- OM ease cae tae cane > Sela. Ne 930,063. 07 465, 031. 53 
Indiana. see: 16B | Vanderburgh, Spencer, Dubois, 10. 275 | Brick, bituminous, or concrete 475, 747. 10 205, 500. 00 

Orange, and Lawrence. | | 
WOWals srisstes es totes 84 | Sioux 20d Ml Brick OL CONCLeLGsae tanec dee sees a eesti 10 108, 185. 66 | 54, 000. 00 
Kansas 1AB | Mitchell AF1632 |, Concretem st ocmee en ae hese ectacae : 191, 607. 69 62, 445. 00 

21 | Allen O72 Dea CONCreteorinaca dain eames lett eee eee ear are Z 67, 073. 63 33, 536. 81 
Kenttuciyenee cae 14A | Nelson 1.849 | Asphalt, rock, or bituminous i 44,444, 45 | 225202529 
Many lain (lace see eee 7C | Baltimore and Harford........... ooO LConbratenaee mime wan! Sie cou a 23 15, 386. 25 | 6, 580. 00 

EI QAw |p MomntsomG ripen serra mee 2 025M eee LO, See ae it tere ras seek aera oe eee Gbe seas 12 91, 705. 02 | 40, 500. 00 
DICRE Carroll eer 2a aa ea potatos GEGSS Lovee CORREA NS oe ee ee eye resol oielpae, Harkey sys Sete 10 250, 679. 23 | 125, 339. 61 

| Stan | Anne=Arundell. se scmaseee ne cene ve 5. 59 Gravel seas Sees cee ee eee Sean beet eee oe sects ote ee 2 50, 097. 08 | 25, 048. 45 
Massachusetts... .- - L4aeDarnstableastecetoe cea ee ae 3995 lan Bib UNLIn OLS eee tee oR we ieee ee lie ace 52, 125. 15 | 26, 062. 57 

| OS AG le DOrkshira tne... scan cee - 989 Concrete. SE Chee Te Ce EO One Pl anes a 41,274.75 19, 780. 00 
Minnesota.......--- ATipWiashinetontm. sone eee be ace Tle Grave lee sya we 3 eee eee oe none Bee eRe ds 75, 243. 05 | 35, 000. 00 

CIgleE roc bornemet aie uns see eee 153m eee GOs Ea een: Sine neo: Sema | 23 91, 116. 78 | 42,000. 00 
GO Rice yee t ceeee seer ere ee 4530 pieces ComaeE ee see ee ee eee eee a. 26 21, 584. 29 9, 000. 00 
WOadiCOOk Aree eo meee so cece Stas oft BOS Rel eeete GK) ER ESE. ne Ween ta ten tly. Se eta era mee 10 38, 679. 46 19, 000. 00 
73\ Crow Wing. ....).... Bee rors feeders 3, BARN Concrete ame aaetys be caine cry, ee eee ce eA 12 130, 604. 87 | 30, 000. 00 

LOU Pe Cotton woodera senate sees eet ee Si 042i Gravele cm cet 26 66, 223. 08 | 21, 000. 00 
TIS Red woodtece teow <r tee PEO creme Lome ML ERS EONS LE ale eee A 27 8, 316. 00 4, 158. 00 
LIUZg Ole ess). hater ae one an oe See 1.35 | Concrete, brick, Ol asphaltereeice ee = recess | 22 39, 204. 00 | 19, 502. 00 

Mississippi. ..-...... LI PA mites cet heree: toca cae eric ees see nse Gra Ve Ree ae cokes eee ae ie renee ees 12 310, 721. 26 3 8,979. 00 
ISSOUTH Soe os cee TORING Ww Madridiiaeses —f. saech ect one TORSO ml eeeee CLO ere ena. Meee” Pea yee SAS eee Rhee oie oe 23 191, 098. 16 95, 549. 08 

Montanasine= shoes 34M OLOWSt ONC sete eh eset ere ee winrs (SVN Kes ao dae ae oe Oboe adencMEe spe sdae oer erne ce | 16 195, 477. 25 97, 738. 62 
Nebraska 2-20) sure. Sis SHerMAansa= eee eee Elen eemoe 1OF0SMleBartheand sand-clayer torte =sceee acces eee eee 10 83, 585. 43 41, 792. 71 
New Hampshire... -| 27 | Grafton and Hillsborough........- 134. Gioh eee ya Bi Ys Fae, SG Shee te ee TO se Os oes 30,001.18 | 15, 000. 59 

31 PR Soe eee Scat ne ee An PIG TANG eee aee etc aah See See ee Nee cee oe le On we « . ne Bs 2,708. a 
Bi) IIsane OF OA Sa | 57350 eee GG eek ee Ba Cn Oi Mian get es Uae a? 1 59 | 5, 038. 
ADNISLTAtOrd seeeeecn este eee eee Bees | 1:38 5a CO mees a CE Eh Ra ae ne yo ee Nn 0s cee 127 719. 96 | 6, 359. 98 
47 | Merrimack and Sullivan........... ‘1.14 Bee COMET E LSet yea st oe: See SSN co yee ear UOieae 17, 193. 66 | 8, 596. 83 
56 euehite SRP nee owed etemem tee STL lane LORS | RN meet re aL Se eee asset ee dOsce od 10, ple i 5, a ps 
GON Reh don eae ee 15344 | eee mL Sie tun a ee Ment OH eaten eek doit. 20, 333.17 | 10, 166. 
76 Hiisnoroveh el ACY od Oe LO ered ae ere ee el Ons wes 17,101. 48 8, 550. 74 
78 | Rockingham 12444) |e eee Ot ee A eee ea eee 2a oe Se Sa Oke ee 11,896. 11 5, 948. 05 
Sore Merrimac kien aom een saan ne 2475 eee ee CO eee ne ee eae ne kel. ae .8 9, 437. 06 4, 718.53 
SOnibea== dG 20-eeey Sasa eee ee BYE Boson OStatic a 10 7, oy Ge ra, - 
Si leaeas COS AE EER ea ee tenes 74a eee LO eS a ee ae, Mate 2 ck. SE =e OSes 10,174. 34 5, 087. 

North Carolina..... Sig), Guilford gas esemen as eee ee | ebm leAsphalt OMcOnenekes . eeeameesn. <2 scceneeeees one 26 66, 801. 92 33, 400. 96 
BOVE Meno See taste ee ee ll | ROS AUE CON CEOLO me eee tee teen oie oad Meee at 10 | 254, 789. 12 127, 394. 56 

SoA Mecklenburg t:-pmsas a5 asses e= | C004 BituminoUss.tee me: es aoe ees. cean-ten ee ee Gh 23 146, 205. 60 73, 102. 80 
North Dakota...... SONRDivide aah. a eee oe seen I CaLOS4O mie Mart hite kee emer no. Peers Sole Se or Gee pedo meee 31, 739. 22 15, 869. 61 
CO Tigesas & eo eee Bani Mercere iat ae nots. eas ene 1ACUS5E CONC eLearners. te eer ec eeion= Semen eae 3 54, 500. 00 16, 000. 00 

G2ap Morrow Sees so 54h ye tear eee De 5SoN IE BALUINI NOUS Ol CONCT LO sate ae ean ws 2 1 Dec. 12 91, 000. 00 40, 000. 00 
67 Relelio gan teen. 3 Lie ee eee ot | SEOHMIER@On Crate sare (atte ene eee nis. Seca eerae ae 123, 300. 00 52, 100. 00 
BSQUMP ITV sok ook ci een wae | 1.78 | Bituminous or concrete 51, 200. 00 25, 300. 00 

OIE IB VCO CIES BM erin recat eae: Meek | GA(Ala BI bun inOUs seen Seems as ae aes Saeee pec 148, 800. 00 37, 700. 00 
O7SIBN Oboe stl aray ches seme a sneernee oNagoul Concrete on macadamienteneesces ces -2 aes eeeeeee ine 220, 000. 00 67, 100. 00 

NOB uie le CAS RMU Mees Shan Mens ee ene ee SeHOS ne Concret cau ware ees cee eeee en seers aece st sabe seen 95, 000. 00 47, 500. 00 
Pennsylvania....... SHB bri owt ae ts at lar. Bec eeeeneeae 3.488 | Cement concrete or bituminous concrete on con- | Dec. 20 159, 633. 30 69, 760. 00 

crete base. 
AP EXAS TS Nee = Ret An Ta eMOn tac eee. theme eee peer eee AINGIOMAGTAV OME setae eee etmneaas wines cetera ceceee at Dec. 12 293, 635. 51 135, 000. 00 

GOriE COUT alee eave tu sy . Mak tire. 2s i em Bituminous, gravel or macadam........-..----- Dec. 10 5 31, 232. 76 3 22, 809. 76 
19) Wald wellessesoiken ore ose a GRU TRIE Gots Vel ie er Ok, Sept Fer es | Dec. 12 10, 250. 25 5, 125.12 

West Virginia...... Soult Ha vetho scar ode one eee ee ENOO4S PTC INI NOUSS en een seen he aka chen la weet ec Dec. 10 94, 587. 35 44, 000. 00 
OAL AES ALS Pala eget tes ne eee mba te Fan CGM | 116 Sat OU i yee ee 8 ee Dec. 12 53, 350. 00 26, 675. 00 
bo |Jackeorteeente. 2). 380. |. coca Pym RCorierel ont e ith a. Seite naaueacaacctsctaes [in dOvab 34, 700. 00 17, 350. 00 
63 leMoreaneeesee ee woes cer cease iecOmiebicuiminousioriconcretesencees seen eeeae ss se eee | Dec. 4 42, 000. 00 21, 000. 00 

Wisconsin........-- O78 S Sauls ea nn hoe ci ee GHZ SMEG TA OLN Me Seen sane eee a tnd. secteasendeee Dec. 26 81, 000. 00 27, 000. 00 

ota eee 63) | eee Nene, Moree oe OF. ce TS ee RR | 28 | Sa RR A A eee eee ee Bote 7, 374,590.58 | 3, 412, 467. 71 

19 sections. 26 sections. 3 Modified agreement. Amounts given are increases over those in previous agreement signed. 
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FEDERAL AID, PROJECT STATEMENTS APPROVED, FOR JANUARY, 1920. 

State. 
No. of 
project. 

County. 
Length in 

miles. 

PK ANSAR nop to | 

California: eases. | 

Colorado 

Florida..... 

Kentucky 
Houisians .. sa22e=-= 

Massachusetts 

Michigan): ._ . ssees.= 

Minnesota... ..s.c2-4 

Missouri. .-. 

Montana.... 

73 
23 
67 
47 
40 
42 

Choctaw 2s 2.n82 5 ~sartiee ccc cee 
Pinal v.28 i252 exc oe eee eee 
IDA AS eo atae t need (eee te eee ee 
Crittendencte soe pe teeta cee 
Shastayyc 2.070 -s ee noee ne eee 
AGHA oo) 2 apenas cate ete 

Morgan. 

Washington, Holmes Aas ae arava cal 
IBRKOPS3s...0 02s he See ene e eee ane 

Columbia’. ease e ee cate ese 
Gwinnett; 2.. eee eee eee 
Barrow 

or on 

Muscatine... 
Winneshick 

Stony eee <2 Poche pace ee 
UCOSSUb cs. = seine Sete te oft ae 
W oodbury 

Rimgvold 462.5 f-c8 seer Se ee sees 
Mearshalle ae. cat ccocseaeaeat 
Willsone Sea k.. Sop eeenae cee es 
Bourbon 
“ATCHISON .2 5 es Se see eee enone 
Kenton; Boone... 0 Soe seen eee 
Washington Det: eee ee al 
Concordia ees 2. eee ee ee | 
Hampshireieer sauce ce soee se ae 

Ingham ee. Soe Se ete en sceeenee 

Toole. gccsee a tokio eee: ae: 

Cascade his s20 saw cere oe seen Bes 

6.31 
32.70 
21.13 
15.75 
16, 84 
15.17 
1, 28 
2.727 
6. 002 

22.07 

24.75 
12.50 
9.38 
2.109 

34. 97 
8.98 
2.626 
4.238 

22.505 

12.32 
3.60 
1.08 

19.13 

14.02 
12.40 

19. 43 

Project - 
Type of construction. statement van sere | Federal aid. 

‘approved. : 

Topsoil: sand-clayseecs:cees tae ete wena ssn ee ee .--.-| Jan. 4-6 $46, 172. 21 $23, 086.10 
Caliche'gtavelont 2. SOR eet taene. 22 eee ae ee | Jan. 27 381, 264. 40 190, 632. 20 
Macadam f:% gens ae eatemem a tr pe rer oe Jan. 9 70, 549. 32 30, 000. 00 
Gravel macadamel.: ota. easekt.- 57 eee a eeoes | Jan. 17 181, 589. 32 55, 000. 00 
Barth: soo. 53 iaseea vs ase cena sean oo aes : 155, 650. 00 77, 825.00 
Concrete 319, 137. 50 159, 568. 75 
Warthe st vac aecljatends-- eeeerew sees eee eee 41, 206. 00 20, 603. 00 
Concrete 102, 677.71 | 51, 338. 85 

Le ane CO ss25 582s. ae eae ceases Soeiaaes ators one 229,194.35 | 114, 597.17 
ceed 48,143.42 24,071.71 
Concrete 344, 035. 06 172,017. 53 
Bridge 102, 872.00 | 51, 436.00 
Concrete 183, 841. 68 91, 920. 84 
art d0..8 Sie Fees Cale Soe a oe 226, 898. 43 | 113, 449. 21 
aie ota CO sesh. cee Mee ee eens Smee ee men see 255, 253. 35 127, 626. 67 
Topsoil 61, 454. 80 25, 000. 00 
Sand-clay 40, 000. OL 20, 000. 00 
Bridge 40, 000. 42 20, 000. 00 
Concrete 112, 992. 00 50, 000. 00 
Gravel 59, 998. 84 29, 999. 42 
Pavement ne 154, 670. 45 77, 300. 00 
Harthyiv. cae cnaeee ce eck ot be aa nsmeeaeeeeee Bes 85, 954. 00 42, 900. 00 
sents Og ace RE Bas ee one ae 103, 697. 00 51, 800. 00 
PSs GOS eee: ae ete aise ee he eae ae eae 136, 785. 00 68, 300. 00 
Samick do. 73,040.00 36, 500. 00 
I et 92, 653.00 46, 300. 00 
NAT EH Se auieie dota te rere a a eer ere ee 149, 655. 00 74, 800. 00 

Eee ea Cee eee ea Sed an mete ae NL, Aas se aS 63, 607. 50 31, 800. 00 
ee dos ales 2 Sree ee Soa cede toe setae 169, 125.00 84, 500. 00 
Gravel 84, 634. 00 42,000. 00 
PE VOILOTI LAL te teeradiaaic aerart nino Geen ete cere soe 881, 565. 96 440, 000. 00 

Lite 0.82 Ee aa Se Se Ae Rae ee es 120, 436. 80 56, 000. 00 
JOT asl Sees eed ied Abe a ta Pee ete. ES Full ae d 193, 842. 00 96, 900. 00 

vite Oe ce eee ote aE eee Bae 45, 276. 00 22, 600. 00 
Bestia LOS eins Se rere See rae Crank, ee ered. eee ee 140, 646. 00 70, 300. 00 
Pavement oe 385, 832. 70 144, 400. 00 
Gravel J edo: 68, 168. 37 34, 000. 00 
Pavemontt, fotepccnc a. cat ne seinen eee eae tice ..-do 974, 098. 40 441, 400. 00 
Barthseso. > SS. oes Se es ied Ores 103, 070. 00 51, 500. 00 
Brick or concrete - Jan. 29 226, 512.00 113, 200. 00 

{ Graviellix ccicc:. Hamers cote en ee Ce oar Senereeee Jan. -13 | 601; 861.70 147, 500. 00 
Lapbrunoabhavokypaenerys chal.) Bobo abe s oe Jan. 15 403) 700. 00 187, 500. 00 
Brickonconcrétesseecne seems oo eedee: sane eee Janie 23 341, 324.50 140, 700. 00 
Concrete sie ee Sete Soe SC See es = ee ye.: SES LE 9 85, 789. 88 42,180.00 

RAS ene ed ae) ee arte sy ee Bee Jan. 29-| 421,391.05 210, 695.52 
Gravel. SiO. Ly eee Monte ae eee: eee eae Salo, 2s, 153, 898.54 76, 949. 27 
BituminousimMacad ants = see. oe ee eee eee Jan. 7 93,115.11 46,557.55 
RRS i WG, Cn ae end een Bog Jan. 31) 154, 211.24 77, 105. 62 
Gravel Oe. See sey See oe ee Jan. 23 | 657, 800. 00 328, 900. 00 
Concrete cet akin See beter ae eae eee Jan. 29 188, 815.00 94, 407.50 
GTA Vela eae an oa eee Ne ee ee ae Jan. 6 52) 439. 20 26, 210. 60 
Conerétesas 2c eye oe eee ee eee Jan. +9} 137, 772.80 41, 331. 84 
aE a Son Oot cea Sa ae oe ies Janie 12%) 45, 440. 56 13, 632.17 
aot CLOUR etc ee aeeret Ec eee nee Reet cen oe Jan. 14 | 362, 903. 20 181, 451.60 
Chncrers brick vand asphaltiGieses2--2 oe eee AGO fase 148, 666.32 44,599. 90 
Pavementae:= {oh oe mc Weee ne preteen roe be 4 Leeds 473, 360. 80 142, 008. 24 
Gravelooaseeeeee PAE oe ees et eae eee Jan. 15 91,319.69 27,395.91 
ot COs EE BS sae eae Ae ees toot Meee cated Sea ean 38, 390. 00 19,195.00 
oeactn CONE. Saas) Seen eee oe eee en roe eT eet Ol 154, 336. 60 46, 300. 98 
Concrete, brick andvasphalticeeee: see ase Jan. 17 | 169, 253. 48 50, 776. 04 
fone GOS CC eR. ec Serer area ee ee rei cn ae Om 229, 328.00 68, 798. 40 
Gravel Mil 82: Saebe es... datos oe eae eee Jan. 23 56, 292. 50 16, 887.75 
ee CON .38 RoAB et -5 uke sent petal tact one Mee Olen 123, 200. 00 36, 960. 00 
waees GO. See we ec eitee sos a Re eee eee eres. E ap aT Ow 128, 846.30 38, 653. 89 
ieee GOL Sse 2 Sea So ee eee weeny teeter OO 139, 299. 60 69, 649. 80 
are COR ee eR citable pry ge tre Serle Deity ampepeiae AIIMR eG (Ope = 65, 937. 46 32, 968. 73 
ee Oss, 2c Sees eeepc. See Reee eRe ee bet aoc. es nO amino 1am 124, 553. 00 62, 276.50 
SbBES CO. Sis ce eee Sok See Eee ee E pn oe eee on a a Oe ORE 94, 336.50 47,168. 25 
ieee COE. ssoen rete sateen he cee peeeeae a: = see eta O Sees 41, 043. 20 207 521. 60 
Concrete 2 2S. fase rice ce eee eee eee es ote Hid0lee 685, 321.34 326, 000. 00 
She tien iss eYoree tis eae sakes oie = mite ia ae et EER eo ae dO nee 308, 123. 42 129° 850. 00 
Concrete: . .bislitues secceet steers eer pees ae Pcd0Lee 305, 401. 97 147, 250. 00 
Asphaltic concrete, brick, concrete.-.........-.- On ee 573, 585. 85 255, 980. 00 
Gravellac.cack sheer ce fea cee some ene eee Janene 210, 946. 78 105, 473.39 
Concrete 2 33S es ee eae k eee mee ee. Jan, 12 815, 767. 92 407, 883. 96 
Gravel'. it oe 2 Rp aes rare ee Se setae sais COseer ot 54, 999. 56 27,499.78 
bee Cosa. Be se eee eo eee aaa eos 2k a oe Oe 62, 691. 64 31,345. 82 
ene COs cl Rees ee cate teen em nceitce c-fos ed OMe 64, 543.50 32, 271. 75 

6: dO Se) Seas eer ee eee Oe wei eee cee bed ae domy ss 51, 480. 00 25, 740. 00 
ee GO Ge S22 Re as re Ree ee ence cen. areal 27, 720.00 13, 860. 00 
abe COA 3: bee SoA Sn ete ener ee ts alse OL OMe 44, 653. 84 22,326. 92 
aes Ov. vig at ae eee wy as ie a One 36, 247. 00 18, 123.50 
= eer 0i..252. 52's Padtcee Sate Beer geet eee ess] Oa 56, 140. 70 28, 070.35 
nee OSes Spear ca adoc sa ones oes Saas ato sao ss KOlP he S| 68, 016. 08 34, 008. 04 
ee Ons ie Gee ME aa eee nee A Sees Omer a 720.00 13, 860. 00 
Bases Goruscdh eA ee oc et ee eee eee Seer eee | seca 21} 780. 00 10, 890. 00 
LOE yt a ee Sees, re WE a eee ares cae SRE Jan. 16 | 127; 798. 60 52,000. 00 
Gravelinsz shabu. cist oe eee eee eee Jan. 23 20; 344. 26 10, 172.13 

welevas GK 22. He AB aoa neh SN mate eee 2 Ses we 0) AE Cl ae 13-019. 17 6,509. 58 
res, AO: 35883 tiie ee es ee cet eeame Bieta ee mell tC Oa a 17, 820. 00 8,910. 00 
ae LO! R55 Bea a Aaah ates ols te oe en, Ae este eet, ol Le Gate 10, 489. 74 5, 244. 87 
rae On fiien ace uae oss cetacean ol] JTL 4, 845. 46 2,422.73 
bee GO ce EM eae ses oe ee eee aa |, SAT LS 103, 961. 00 51, 980. 50 
eee Oca St Seis) ccc Semen: Memo Mee eee! aT ae 41, 866. 00 20, 933. 00 
Concretez. eat s2: dct ce Se ee ce Sud OsNoae 316, 525. 00 158, 262. 50 
Gravel oie 3.53. vive hos eae eee ee Jan. 23 78, 760. 00 39) 380. 00 
Hard suriace pavenient..--- suse ee eee ee Jan. 29 130, 565. 60 65, 282. 80 
(CONCKOLO Sefs wsehs «Fine caaee © eee eee ae ae Ovasers 25, 300. 00 iba 650. 00 
Gravee Toren eh coo: oak Cee ee ener {00Aees 52, 250. 00 26, 125.00 
Concretess 22: bain ee ee eee Seek <eOleese 398, 739. 00 199, 369. 50 
Barth ehh). Goes ike reese ae eee ae ae 5 Ovens 31, 020. 00 15, 510. 00 
Concrete Jct. £2. Ae ee ee eee oats Jan. 5 47, 295. 38 12, 520. 00 
eee COl5 2h rcs taxa Ae Oepertns Aurea tiene ae eed FELLAS 7) 597, 917. 23 156, 840. 00 
sees COssrt dob Me oe Sr ee een IES tore OT ETISY a) 206, 879.17 103, 439. 58 
Bs Oke ar BaP Peete REE Son Lanta note Maree as em Jan. 12 84) 229. 48 18, 560. 00 
Celi Cli iy fone 2 mo eee cect ote ceanene rer TSE Jan. 9 15, 031. 50 7, 515. 75 
GraVel sxtsccteti ee DR Ce has ae ee Jan. 23 9 481.40 4,740.70 
rae Oss atic <r Sats Oe See Sere oe ee ae et TO 72; 210. 60 36, 105. 30 
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FEDERAL AID, PROJECT STATEMENTS APPROVED, FOR JANUARY, 1920—Continued. 

| 

Project Rett 
State. Bee County. saa tats 3 Type of construction. statement aap ia Federal aid. 

pproved. 

New=X Orkus, oes ~ SOMO ULLY ATI. WASCAL 26 oe ew ween weet 2 11350 Ml Concreteses clon eke ceenine. ee eee ee eee Jan. 9 | $460,000.00  * $230,000.00 
BUM AN cusig7¥ 0 Ge 2 be eee ae TBO Meee: dows. 2 See eae ee ee ee Jan. 12 | 304, 000. 00 152,000. 00 
Sail dkoretet es oye) as ee, MO EN a eee SU5OM epee CO Reed oa soak ote eee ie he tee Jan. 16 | 340, 000. 00 170, 000. 00 
375 |2 8s. domes Re tee ey | | I i 3 JOT AON och el an aril Nine PATE 104, 000. 00 52, 000. 00 
Aan DOIN WATCT Mt areas ecko eco. oan tele fspar bain |e Bes = COS Se Se) be. ee eae eee 230, 000. 00 115, 000. 00 

| ASA AON Ole ee Pe ooh ot ee | 8.10 | Reinforced concrete.................- Neue oe oE-d0-- 85% | 324, 000. 00 162, 000. 00 
North Carolina. .... LODDT FLOKG sere ac Sen me aes oa ia 1Os00 mi sSand-clayee, Jes 0 8. bs 5 eee te soe ea Tee 4 81, 363. 33 40, 681. 66 

SUA Pender eer er tee ae coe cae see ee Zi 20 SIL ODSOU ES snd oe eae Sa one coe Renee eee | Jan. 9 187, 296. 56 93, 648. 28 
LOQuIRELATTiGhbeeRemaee ee ae Shc ek” 21.00 | Clay-gravel.......... geet Oo teh tes gist) dor sc 181, 368. 00 90, 684. 00 
S102 (PRB Gb § 0) Whee S es oO ee ee Meret y 11.66 | Sand-clay.......... Le TOSS Re See Ceres ee LOs bas. 37,644. 75 18, 822.37 
HOASiINCHOWSTIR es © me eee oe ys. eae PO! SO NO OuChOLG 7x. Pee ie = Lae ccc oe et ees Cee Hed. | 426, 426. 00 213, 213.00 

| TOG WeAllairni ance see ase ac, conn eee sade oe 18.00 | Topsoil, bituminous macadam.................. Vee LOS. 2. 230, 639. 64 115,319. 82 
HOOUPBUPKGRse a2 ech. seca e eens aot 5.00 Ale ODSOL as ace Seok. 2 5 ae a ane Deh ee eee eee PaeGLOr ss 42,149.25 21, 074. 62 

| PLO NOLAN Cee ace. cose ane Sam one Nase | BO ee a ae Rees 2 en ee Aye Ros ee ee Jan. 12 151,946. 85 | 75, 973. 42 
a Oaswellessces se. eh se eee ae e 11.60- | Topsoil..... Re aE Ag gees ASS Ry DAE os, 2 | Jan. 9 93, 434. 00 46, 717.00 

| Se REUO Wickes oo oer ne eine cer ere GOW Naeem GOS. PCE. cok Ue See be bower Jan. 23 85, 140. 66 42,570.33 
61 | New Hanover, Brunswick... ..... 2d) w| CONCTELOLRE «ere oe Rae ge ear ec See. Wen doeee | 193, 248. 55 79, 500. 00 

| 11S; | Caswellone. 225i ae acislelese sorters a LCOS a POpSOUs See. 1eeeeer,- ate 2 Sena Nae ais Re ae Jan. 27 | 136, 433. 00 68, 216. 50 
PIMP HOLS Giisne stn cobs cess iare e ee SRO Mes ees GOlse Ry sates ne eee Bete era a kote phan terae | Jan. 29 72,281. 00 36, 140. 50 

North Dakota..--._. | 5 aE MCCA seas s coe ee eee ric oe LONOO Mi Marthe c255 \ sae 2 oe ees ne ee | Jan. 14 | 33,000. 00 | 16, 500. 00 
TOO AB ULel shee. Tete) nis eee er cet meena Sse ac Bridvet soca. 8 ae eee PRI verge ire Seeeloane 19: 750, 000. 00 375, 000. 00 

| OD. HOSteLaretcc t<cape Hee ee ce sees aoe A OO Bi wu Orting asec. oe Oe Me toy a ee =e Scan ae Peat. 27 13,288. 00 | 6, 644. 00 
O56) () RAMSOY ce ee eeee saat Cates as oeoe 12.505 We GLAVIENS cate nc ase ae ccieoe = lo mae ome le ene eee psc Oses 2 56,650. 00 | 28, 325. 00 

LOSMIEE dd yeas se eee eee ae eee AS Oma eee dOttsis. 3 har ee Se eee. cae See eeedow 2: 22,, 880. 00 11, 440, 00 
Oklahoma......-..- | Qa Garfield eee sesen eae eae ena 9.393 | Concrete...-.-. RN ee eos os NS vane 7 400, 000. 00 200, 000. 00 

21 jeMcintosh! 3 Soscee ns see ae oe: eA O ln MOPAV OLS S722 oer So aceae Mais seeks ot 5 eae | Jan. 12 142,277.16 61, 509. 17 
| DT IAICG Your sere ote Sap etanate Selene <6 2500p) BTICKICOUCTOLOms f Seemen cle ae ee eee | Jan. 29 | 68, 600. 38 | 34, 300. 19 

Oregouls 2.25242. 4] SO IMVWWSSCOS= fem e-ele ee once soars oe ae RU UN UE Ane eee Fe Coen eee een eee My ery wicde Jan. 12 | 101, 557.50 | 50,778. 75 
BB lee. GOP aoes sete ake ccd Oa toy 9502) [ices Cece. «Jeo sack Seow aiseeh ae ose aeenemes 20.0.5 2.'<f | 9 ¢ 317,380. 25 158, 690. 12 

Rhode Island. ...... 7 | Newport-..-...- PE Sak ey ee ZrO Cam | OL bUpTONTAOULS, TIVENCACL A111 tery See ent eee eee plane le 109,115.38 | 51, 400. 00 
| Sie enteece ap cctee teste ee carer: #5 AOAC ONCOL comets xs cele ale metas sneer eee erate | Jan. 23 242, 000. 88 88, 000. 00 

South Carolina......| 28 | Orangeburg..-.-.. ae eee eer 20; 34 pee Otero a es eee ae ee a hes | Jan. 14 | 351, 986. 63 70, 000. 00 
Bby |e GReOn woods arse: osek wean seit ee 18, 239 |....- doweret arched. hE SaaS ee tres fee ee eae | Jan. 23 214,185. 62 | 20,422. 10 
AS GeorgetOwl-sece.=s2 oa -aeeeee aen As 16),849) | Seand-clayi- 2-)jeee-2= seen he secon = eee Soe eae | Jan. 29 | 146, 227. 29 73,113. 64 

South Dakota-...... PJayd WBS qalalia htbeat eek tae een teem TDA OOM ge GT ay Clint g Nahin ome re ise fete, Rene otek tree cass | Jan. 15 | 92,279. 00 | 46,139. 50 
Solaris tern Teme ewe eed PERMIT AB riekhe Pye ca ee RAE AES SEEDY one |Jan. 14) 158,985.75 79, 492. 87 
SOR Davison vet ake sen sate se ae eee To REO RA sae GOMES te Sere et ee ORE ec See Oe ie Ee ooh Jan. 17 | 114,903. 80 | 57,451.90 
AQSIEM CG OOK: sete =oees ne eee nee Pal Pay 7 55 Ree downs ent La pea ok See SI. Bl eedosses 128, 440. 40 64, 220, 20 
AD a TO LOW I. ater yaar isis © sic Seve se 21,00) eee. CO Aman oceans nok s er ites Seta Serer ee COcee. 2 182,567.00 | . 91, 283. 50 
ASB REICH NGO Geena oye ira eee pale 1895 ayes Ohare Soe OA er, ee Ee RL doreey) 149, 635, 20 74, 817. 60 

MOxAaSiete fe ce ee TORI CASS He ES ec sor eee ert. 1D 634g eee Glos iaaR ar ee PY nk ah es We a Se | Jan. 9 | 104, 813. 63 | 25,000. 00 
OE | SSRI es bee SR RP Sie Peta ie ek ae He, 14, O08 tenee doa ee Ee: PEPE OSE oa hit anes Jan. 5| 224,134.90 | 51, 000, 00 
ASO} eeu ian ea ees a saison 1600 MRGravels bituminous: tOpra... see -aelesee- ase ee Jan. 9 | 172,000. 00 | 62,000. 00 
LOG s MBRAZ OLA cectamee yee re tec leia nearest Ore ME SHO ee oe eee ais re tee sees 2s wg a ee eee Jan, 29 | 156, 679. 57 39,169. 89 

Washington.-...... AOS IRAN o Meer aa ek aks mene sat) A= SA Coucnetenes esse eee caine Re ie ee Pel Jana role| 187,983.18 | 90, 000. 00 
West Virginia...... S40 PET eSt Olah muse aoe tose ac © | 3.50 | Bituminous macadam........... Sn Cee ea eee Jan. 29 | 63, 680. 00 31, 680. 00 
Wisconsin: 2a. LOT MONTOCIE Ss st .20- Scan ce eee ee .88 | Concrete a 24,000. 00 | 8, 066. 67 

C2Salp Man istOw OCeemecmeceae ne aac ane. Bitte Wacese GOS 2h em ae cael eee AO Ae eae ee a 132, 000. 00 44,650. 00 
LES NH au Clair 62 Roe e eee) -- ee eee TAA Di ecias dozteeenae ae er ES ah Se RS ae eerie 17, 384. 00 | 5, 800, 00 
135, | SB Ute O As ceases ae oat | ZL T a eee Osta Pe eee ee SR OS a Se ee ere ae 66,000 00 | 22, 400. 00 
TG) | WS ao oe ke ee RE UIeeS SC USS ta (te ee: LO: NT RE ets A IAL OE AGN | 90, 000. 00 31, 100. 00 

Wiyoming= 2. . secue 63) (REAL KR ees om. .. yaaa. ee ot a 6 OSSrieSancd-Cla yates teem sere setae ej ost LLP) ot edo 53,790. 00 26, 895. 00 
Ob: |e Big, Horie ele saais ynte aces ae 3. 582 |....- co SEE iE AP are Sees ists Waterside otacs a3 31,790. 00 15, 895. 00 
by fa) Oo uN Rise See BB one aaeeecuoRaaeed S2002) fees ce GLO SCR Le Si eae eect seein enrages cles eet ale ote | 113,795. 00 56, 897. 50 

oealen, 20-3 DGD te aR Oe a eon gs dake ae typ ay aap ie eae We a i ci ee shed He ata 5} 27,771, 696. 53 | 12,452, 426. 66 
= We & gy We ae = oy ee = s: oP es [Me See aie 4 

FEDERAL AID, PROJECT AGREEMENTS SIGNED, FOR JANUARY, 1920. 

Project 

State. oe County = at a | Type of construction. eae pa ated Federal aid. 

signed. 

Alabama.......- aes Ok WE MONTSOIMONY seme se ep ees ecm cane eden ewes oi EB TIC 2 Obes taste eatin ares eee nee det ey ase a | Jan. 6 $83, 564. 47 $41, 782. 23 
HOR RCofees ues Sete aes tees esas Gr Ae MO ADOEC a yim: Re sr yoeye case sure anl ee aye aie en ore ke Jan. 17 29, 006. 91 14, 508. 45 
Bd ile COOSA th sue cae Semioe ote ieke nies ees BANWAG | ASE ait obo Reece) aera ene SoS ee CO ReRer. ere ase Be Ope 21, 850. 46 10, 925. 23 
peal eae rs Cipher 4S aie Roane ees Ae4Qoie aes COE a ent Wt kee Ee il Det vet Sent [edoe¥.2 12, 103. 48 6,051. 74 
OS NEI CLOLSOIS os) Maes cee oeinie ease = SHRM lp scce Omer Ort gees hctcinr ears tele esa a eee eee Jan. 23 53, 529. 13 26, 764. 56 
BOvleewee GO sare eee aes ewe tceees DAOLS ARE AV EINE San ae Jefe Soe coke cing otis steed tay ahs Jan. 29 190, 332. 02 95, 166. 01 
40h Marshall jeeets ge oe tes Ss mtaieeln ee SGU Maca Garis tae se cer oa ee ee Soe eae eee a - OOS eee 49,921.19 24, 960. 59 
SOL MJ OL Orson wees kee eae eat 3, S2gm Pa VOOM es asi set Oo Mae ee aoate emcee ae os else Bi AOs snes 162, 815. 58 76, 400. 00 
Afa WP BULDLOL Mea, see eee oe oa sc ee See S23 POLO welays ONNCODISOLs ser see eee ans oo ere sg 1dO=mee 32, 961. 02 | 16, 480.-51 

AT KANSAS sco cca O2t FLOM DSL Oa Gee ise oo Nae eee | SO (mila yebound pravelt.c. scveseee seria ce = set cea Sees Jan. 17 76, 823. 01 25, 000. 00 
B35 5|k CLOGS See eee see soe eos ele = 4a (AMIGA Vel Macadam 6 ¢ see. 8 soe se as oe... eee mat COZeers 41, 492. 70 12, 500. 00 

@aliforniacs. sa. seek : SUMP DelyNOLtC men me tates ee ea ees 4.08 | Gravel 4 37, 136. 70 18, 568. 35 
L8tieBumboldt pose secs ou ce eeeeenee| 7.43 | Concrete see 151, 646. 96 75, 823. 48 

@oloradomee:.-. seeee DIN OPLOLRO,Ms ce tence cree oe ne = S40 Tales (1) 8 oak aed a ee ae e ue eee ee secehe: ce hare an. 16, 047. 62 | 8, 023. 81 
Olsee. Re Cai os MS ee eee, he eee | sA0 Gal oe GON As eR to ee da. yes soeeies ae 16, 014. 62 8, 007. 31 
Dig MCS ask See am co oa sae eee © 265) eae Osea $2! Se sS2 eee 2 Pe Rae ae ee : 10,801.14 | 5, 300. 00 

Delaware.........-- ae New: Castlowe tac scse)-eascc-osse us 2: Olea cee (0h = Sa GES Gee nei 1 Se a ens: : 147, 950. 55 40, 020. 00 
Georgiae2. 2:2) 3.2: SOcWmMAUITENS, ame wee. ars si se ae syne coin ake eae ote Bridge ' 187, 333. 75 93, 666. 87 

6St VALOIS Sen pee ela see een ne 9. 130s | Lopesoil Lise Okew oe 86, 590. 35 | 43, 295. 17 
@ OVW COLO. mee Stem ayes eee 9.87 | Sand clay ae 96, 985.13 | 39, 404. 25 
AI MDOUpIAS Sees see os seee en eee | 6.572 | Top soil 40, 803. 55 20, 000. 00 
COM CIT Motes nfo. 2 tle ds Sade ae et .677 | Sand clay ore 12, 004. 39 | 6, 002. 19 

LOOSE Derrell srer see. yarn oh arta eismielaoe's)- 13059 Sl omer GLOSS ie vee rere EOE 0 Jpn) as an eS o 80, 082. 83 25, 000. 00 
OSTA TO UDA enn ee ane nns. eeee ich eee Clee Gad egies Oe oth wok Le ie an. 70, 663. 70 30, 331. 85 

MA ARO penne hie = LORI BOW VIC ae 5 oom wien ineal ibs, eet eel easter neat Bridge é 89, 980. 00 | 44, 990. 00 
MUGS hs c= Bec Dp deem re Ne fs Ne Sc -..++++-| 16.374 | Concrete oo 507, 128. 05 253, 564. 02 

Mh (BEAR Y 5 lta On aoe ae Se eee SHA 10,032 alee LOAN TT Vi NY Ney Mian aed co A NE SAE BA 757, 095. 90 363, 662. 17 
Vall Marshall samek 3G eee hee Do Eos S20 61siiemee SURED Ley ew gaetied cry! Sol en Nee Ra .--do.....] 1,301,830. 43 599, 770. 19 

EID A cee eee Se ISS eo acai SNe Sol ROO NO DU A easel eer cin ok ene nn ce em Seer. Sislziaicee elaine Jan. 17 1, 443, 422. 27 | 711, 479. 12 
Towa se set DOU Wich pees ss tyra on ME IAC OER GTAV Cle nes aeREEL (ee Somenee nen as Ere Jan. 9 161, 640. 32 80, 800. 00 

46 | Pottawattamie............---...-- OO HUA RDATE Tet a oh Seed taro Ms Ose See Jan. 5 | 26, 819. 65 | 13, 400. 00 
SL CCOLRB Eee atten ben = | Sud Oma TICK: OF CONCE OGG. a. ae om seca oes = teenie a malalaralece Jan. 6) 379, 289. 62 | 169, 000. 00 
Al) eM lOV Reem eee senha eo 12.40 | Gravel...... Pe eee ASI aia cise eee area aie Jan. 23 | 504, 290. 16 248, 000. 00 

IKANSHG esc. teeceaacd DANG UR (eles) ae na ee ee ee OU eieConcreteor brick.f.7. 22.4. esc oehise = eaten ee tacts Jan. 29 | 124, 021. 35 | 34, 515. 00 
SLA BalhMONTP OM eh yerene: os ete sae BrOOAMUGTAV OL douse s atcctaes sane eee ee Lette mer me te eno ezvdous ee 75, 838. 00 37, 919. 00 
ISR doses COs eee wring tees oct eanas | OE SLO Meese (O10 Gee Wah eatin oe gaan nec Mane See cased et eerie ene LOS dasa 139, 171. 80 69, 585. 90 
1GAS |), Rico. seeecnssccea .Setawle= RG ictaay I; 3s Ota Mmeb rick. OL, CONCIOUGss ce « «cowie e= steers seer se niet a pene QO ear | 166, 851. 74 45, 645. 00 

1 10 sections. 
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FEDERAL AID, PROJECT STATEMENT APPROVED, FOR JANUARY, 1920—Continued 

rit, «aa 5 xe i 
Project 

i agree- Estimated | Federal aid. ‘ No. of | County Hee Type of construction. Pane cost. 
heey project. | oa in mules. signed. 

| Se IR AC seas | Hed £6) $77,018.01 $38,524. 00 Louisiana..........| 46 | Red River-< 2.20.5 ae. d5-47 saree 8.05 | Sand olay, STO Vel sec rgemeee cas ee et son a 106, 318. 52 53, 159. 26 Maine we? oes: | dy SP@NODSCOLS see ee eee eens | 7.05 | Gravel..---.-.0---- 2. 2+ nese seceee see ee ees ay etn 84,365. 49 | 18, 288. 00 Maryland........... | a7] Baltimore... .22-sy.revoraene sree 4 el bnew ieee a Ao a ee ie donee 61, 183. 54 30, 591.77 37A.| Kent, Queen Anne: :....-.2-----, 2.00 |-----dO--- 20. - 202-22 e eee ee eee eee e es  olaae 42° 672. 19 21, 336.09 BEAN Charles. 2A gc. s. 45h eo. aoe 3. 00 Jan. 6 63, 147. 75 31, 573. 87 Massachusetts. ..... 2B | \Berkshire |) 222 cote~caetco eae 2. 124 5 doa 279, 677.36 102; 680. 00 = 26 | Franklin.............-..2---..+++. es “Tdo....|  1223338.70 61, 169. 35 15.) Blym Oth «yt os, coer 4.38 Jan Sak 51, 409. 76 25, 000. 00 Minnesota.......... Bo Aga 5 ss deg eek olen eae 8. 83 Tone ee 22) 781.55 11, 390.77 67 | Pennington............-.-.-..... 0 _.d0....| 36,285.94 17, 000.00 85 | Cottonwood. ...........+..-.+++.-- oe mdores 51, 560. 77 25, 000. 00 88 | Chippewa............-....------+ eee fan, 31 53, 075. 57 26, 537. 78 62 | Dodge... .......222.+---2;--202-> Dye Jan. 12| 100,544.73 50, 272. 36 Mississippi......--- ACA JaCksOMee So 2 sees 2. 64 Taro 130, 487. 69 65, 243. 84 40 | Monroe. .......22..2.--- 220s TED ies : do....| 49,923.96 24, 961. 98 AAG Scene CO et Soto eee eee aie ee | 10.68 | Clay gravel... Shoe tee Soke s ae ee ‘ica G 92, 925. 96 46, 462. 98 Montana........... 204) Cascade 5... 1c. eee meee 18. 690 | Screened gravel. .......-..-.-- 22+. 2++-+2-c22e0 ee TAH oo 24, 192. 96 12,096. 48 ‘ Male a 23 Gi LAIN Oli. 2 2\..c= a eee ee eee 4, 25 Gravel. .. 2... 2.2.2.0 22 eee e eee cee erent Jan. 31 21, 987. 08 10, 993. 54 
16 | Rosebud...........-+.--+++++-+--- Bee oe eee ue ae vee gee eee ee db icae 51, 826. 52 25, 913. 26 Al | Gallatin............--22222+--- 0022 peek eibahninr ste aR mes CoA. gee 110, 130.74 55, 069.87 C8. fern See ee OU MSL RV SONICS « Sa:2., 2: eee ee ee ee . ALUN... -.-.------.---------- +--+ +--+ +++ --- ; 5 , at ris tre gum 22 q.27° Gravel lays tem des ty 0 espe eee ane) eae 

THA | Dundy..-.-- 220022. 22 eee essere reife Gedo Ga rie eo SaaS a 61, 256. 56 30, 628. 28 bigieikccarney. nr ankineesess seem 16.19 |---.- GO ar ONE Set Seca hase Cates jim, Oe 38, 815. 53 19, 407. 71 bok chai spe eee puerto Fay AAOpire We ee ee 46,310.11 23, 155.05 hie Oo Pcie. i eee 10.42 | Gravel, erashed rook 0000000000000 jg--gr]- 1Obe 0-00 e010 New Hampshire.... B40 (Gratton... =<). aon d eed a  ee| See ere « Poet he LEG Oh ee eee dow 4,014. 50 2,007. 25 perma | 85)| Morrimack ... 1. )cse ce eee 473 Lip reir oie Vee Ok Ge oes go: : 5114.89 2557. 44 Ae eee toe coo Pee nee mon amma han re Es amen 7,080.48 Ue i Mame ose CE 297 | W. lemacadam 0 eae oe Sees ae 
OF |. - 222 -- 2-0 ---- + --2 2-2-2 eee eee eee ae CSE ae ena oo eee emi Ph air RN OS Bt < 6,175. My Se eames ea .817 | Bituminous macadam............-.2.2.1-...-+- oaee SESE 9 91 28 
48 |...-- On wo. 2-12 e resets ees ee ees 7A RATAN Gb stra = cae a ee eeteed 12, 852.73 | 6, 426, 36 DiS tree Owes - 2 +s ne reve seme teens 08 ae Gee + 2 Hess a eens ace SS AG 21,192. 60 10, 596. 30 GL | 2 ---O. 22-22 sees eee eects 1 ae GO.) aie B or 20 es Race eee ae at 8) 158. 53 4,079. 26 62a ES tratiord. 2. eee eee “68 |---.- unbeaten cua gerce yt ace Fk Bane 9,338. 39 4° 669.19 
66 | Carroll. . 0... 2222 0teen 2a eee Pee ON ees eels GMa ee ee ar) oo ice 15,174. 06 7, 587.03 OMIM Wnubat Ne Qo Mee We Oya DOT © lcm e CO nen a= -tc ee a ee cee eee eee "aS a 11,964, 20 5 982. 10 
S| Or aTLOn 2. - nee an Senn soaee naa see nate n BURG st.) 2a ens nae ee ae are Tans! 29 44, 692. 34 22° 346.17 53) ees CORI cle Oe Seen ee 3-106) (Gravel st: .- =i). 2902 eee ere ee ei pes 29° 840, 91 14,920. 45 
BS oo -dO. soe eee eee ee cence A ee ntgtnonaa | ro eee dueeee 9, 343. 40 4,671.70 49°| Belknap... --.--.-.---------22+-2-| se ay bce Metpomdimmgan eR Bri pe anaes 1427119. 23 71, 059. 61 New Jersey......... 15) | Middlesex iUmioni ee s.ee yee 3315598) CONCT CLG Sak CRs reas ole ee eee Teneo 233. 711.12 42’ 740.00 
TG of LU BORA omen cece: na BT ee ROO Sth PR ee ee 133) 545,32 66, 772. 66 eros . Guneemhe nt Saas eee She ek 1.35. | Concrete base; bituminous surface............- cant oa o oe 0 a ae a 79. Clive land Gee Gee” ee ee a 1.645 | Concrete or bituminous macadam...........-.-., aoe Aan aig 643 “Oarterct ace tee sire eee ea | BE Gr gees weet terete cee tee teen eee eee eee et yan iG 40° 289, 22 20; 144. 61 

NS ECB ia7 Pre ere tae ra ee Bartaieirrsmees cee oe eS 32, 257. 65 16, 128. 82 a4 |,Bmmons. epee Ene | 69. | Grading and draining 1000000000000 Jan. 17) 46-767.86 | 22,883. 93 
pullinpeproans ae: Tye es eae sy Petiveon am ees os ee 282, 000. 00 70, 500. 00 i dean ¥ Pees boneset eee eae 6.639 | Concrete or brigk bituminous.....0.00.2.2012.01 Fan § | 262,000.00 | 69 000. 00 | SS ql iCuyahora ee, ome te eens | 9749") COMere tonsa sass apie ae cine sees iP ae rae | a a 112.450. 60 507000. 00 OSs PP ould trie eee en ee ee 2:\097 Brick (On CONCTetGt = eee a ean eee eee ean 119° 000, 00 48” 000. 00 101) Adams.2i she) open eee ak 6.254) Wi Ba macadairies. _ Baeeben there see canoe onary 1077919, 43 53’ 059. 71 Oklahoma.......... 10° We lore so cccecmeeg eta eee tie pce eee Bri 20 oem itis seis ee eee eee ere Tae og 12” 156. 92 6.078. 46 
13 | Eushmataha. ------22--2.--2e2.-22|---+s-22++2|=ee- GOs 22h aeas ears eee ae Taneet 198) 467. 79 99) 233. 89 11d Pottawatomickcast so: se eee ee gee | errs ore: Gcoe CaRRe eu mnccae SUE Ser caoaCOe eos ji 55° 449, 90 27’ 724. 95 Oreconseees sate Al Welceler®. ; Ue eante tine Reem os CECE RUSS teres pen over op easeansseoaconeeS Ube Ohne herp 73° 930.17 36” 965, 08 28 | Malheur. 2525 See eet eee ane OrL 19) Gravel: 3. ccc 2eraerts «see ee tees oe ees eee ee 65.07.73 32’ 538. 86 South Carolina...... 21 \pEdgeticld' are ee a ee a eee SEL) || MMO) OSE Sooas gos Girct Senanaee Sokeon Seouagepe oto. joke 34. 732. 21 17; 366. 10 27a Paktan pine gee eee eee Bh VAG) lancer Oa igen otaicln Cok meee Cniaee See ld ot 100; 149. 12 50° 074, 56 

As eutens Kec ee Deine Pd L eMRE nC ts em Jan. 6 56, 793. 27 28, 396. 63 CRENS icc Steere ae oe one one By AU te Mel isa 8 Oe Ss Sir Ss POO S EE Sain See oe ae enS 

31 Sparcanfues ESA aes oS 1.989 | Asphalt on concrete base..-......:-..--.------:- | Jan. 5 Le Le Be oo ps “ 
20s Cherokeomeeeetet eee eee ae 9. 095 Topsoil. ... SAO GOR MOU TO Reid aaa 6.457 Jado A= is 7 4 476. 34 37, 238 17 South Dakota......| 16:4) (Uses AW eee nha ae ee 17.83 | Earth-gravel , 148. 566. 03 57, 783. 01 17 {| SLA KOree: Soe ey ere Phe ek eee 12.44 Ub Gravel i2ctens eee See ee eee een crt are 1407-765. 29 70; 382. 64 18.) / Shand Pe ec hes ei ee MWS looses Obtanit hoereentile see hine sees Geen pene eee Ones ie 66. 562. 95 33° 281. 47 

| oe py de hed pagteee epee ss Ese S af a ve RS FRR Na ee ager A Ge ge 9 69, 166. 16 34; 583. 0g RAN) Se Giaae aS Saccaneag scm aac 20 7 Gn Piet med tea eae a Sci a We tho ho ONO MR Pan eae 1, 563. 56 180, 781. 7 Tennessee. ........- | SU Shel by. Iw! cc et ey epi Loe 16.04 | Bituminous macadam.... . janes eae es Texas 09 Calhoun: 22. oe sere a tee 10.312 | Mud-shell-bituminous surface........-....-....- : - 11’ 400, 8 5 Tid 6A i Se gs) - a ma ii ieirevistnn: 5 (Mein tee ee tee 3.89 | Gravel—bituminous surface ................-..-- i ae uae ah rot eecoe 
TOIFIEB oie es are Same re eee eee rae LA TORGTAVO)? Ss ceo teeme cin oe cee eG epee eee unee yen 31 112’ 950. 04 ey 752. 75 
O7 MBTAZOSiaan hee oc - ees ee eee 105339)" Gravel Concretejsecwe entee seer seers eee er eee an PL ie ae 
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ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS. 
Applicants are urgently requested o ask only for those publications in which 

they are particularly interested. The Department can not undertake to supply com- 
plete sets, nor to send free more than one copy of any publication to any one person. 
T he editions of some of the publications are necessarily limited, and when the Depart- 
ment’s free supply is exhausted and no funds are available for procuring additional 
copies, applicants are referred to the Superintendent of Documents, Government 
Printing Office, this city, who has them for sale at a nominal price, wnder the law of 
January 12, 1895. Those publications in this list, the Department supply of which is 
ethausted, can only be secured by purchase from the Superintendent of Documents, 
who is not authorized to furnish publications free. 

REPORTS. 

*Report of the Director of the Office of Public Roads for 1916. 5c. 
*Report of the Director of the Office of Public Roads for 1917. 5e. 
Report of the Director of the Bureau of Public Roads for 1918. 
Report of the Chief of the Bureau of Public Roads for 1919. 

DEPARTMENT BULLETINS, 

Dept. Bul. 105. Progress Report of Experiments in Dust Pre 
vention and Road Preservation, 1913. 

136. Highway Bonds. 
220. Road Models. 
230. Oil Mixed Portland Cement Concrete. 
249. Portland Cement Concrete Pavements for Coun- 

try Roads. 
257. Progress Report of Experiments in Dust Pre- 

vention and Road Preservation, 1914. 
314. Methods for the Examination of Bituminous 

Road Materials. 
347. Methods for the Determination of the Physical 

Properties of Road-Building Rock. 
*348. Relation of Mineral Composition and Rock 

Structure to the Physical Properties of Road 
Materials. 10c. 

370. bas eee of Physical Tests of Road-Building 
ock. 

373. Brick Roads. 
386. Public Road Mileage and Revenues in the 

Middle Atlantic States, 1914. 
387. Public Road Mileage and Revenues in the 

Southern States, 1914. 
388. Public Road Mileage and Revenues in the New 

England States, 1914. 
389. Public Road Mileage and Revenues in the Cen- 

tral, Mountain, and Pacific States, 1914. 
390. Public Road Mileage in the United States, 1914. 

A Summary. 
393. Economic Surveys of County Highway Improve- 

ment. ; 
407. Progress Reports of Experiments in Dust Pre- 

vention and Road Preservation, 1915. 
414. Convict Labor for Road Work. 
463. Earth, Sand-Clay, and Gravel Roads. 
532. The Expansion and Contraction of Concrete and 

Concrete Roads. 
537. The Results of Physical Tests of Road-Building 

Rock in 1916, including all Compression Tests. 
555. Standard Forms for Specifications, Tests. Re- 

ports, and Methods of Sampling for Road 
Materials. 

583. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 

586. Progress Reports of Experiments in Dust Pre- 
vention and Road Preservation, 1916. 

660. Highway Cost Keeping. 
670. The Results of Physical Tests of Road-Build- 

ing Rock in 1916 and 1917. 
691. Typical Specifications for Bituminous Road 

Materials. 
704. Typical Specifications for Nonbituminous Road 

Materials. 
724. Drainage Methods and Foundations for County 

Roads. 
Public Roads, Vol. I, No. 11. Tests of Road-Building Rock in 

1918. 

OFFICE OF PUBLIC ROADS BULLETINS. 

Bul. *37. Examination and classification of Rocks for Road 
Building, including Physical Properties of Rocks 
with Reference to Their Mineral Composition and 
Structure. (1911.) 5c. 

*43. Highway Bridges and Culverts. (1912.) 5c. 
*45. Data for Use in Designing Culverts and Short-span 

Bridges. (1913.) 15c. 

OFFICE OF PUBLIC ROADS CIRCULARS. 

Cir. 89. Progress Report of Experiments with Dust Preventa- 
tives, 1907. 

*90. Progress Report of Experiments in Dust Prevention, 
Road Preservation, and Road Construction, 1908. 5c. 

*92. Progress Report of Experiments in Dust Prevention and 
Road Preservation, 1909. 5c. 

*94. Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1910. 5c. 

98. Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1911. 

*99. Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1912. 5c. 

*100. Typical Specifications for Fabrication and Erection of 
Steel Highway Bridges. (1913.) 5c. 

OFFICE OF THE SECRETARY CIRCULARS. 

Sec. Cir. 49. Motor Vehicle Registrations and Revenues, 1914. 
52. State Highway Mileage and Expenditures to Janu- 

ary 1, 1915. 
59. Automobile Registrations. Licenses, and Revenues 

in the United States, 1915. 
63. State Highway Mileage and Expenditures to Janu- 

ary 1, 1916. 
65. Rules and Regulations of the Secretary of Agricul- 

ture for Carrying out the Federal Aid Road Act. 
72. Width of Wagon Tires Recommended for Loads of 

Varying Magnitude on Earth and Gravel Roads. 
73. Automobile Registrations, Licenses, and Revenues 

in the United States, 1916. 
74, State Highway Mileage and Expenditures for the 

Calendar Year 1916. 
77. Experimental Roads in the Vicinity of Washing 

“ ton, D. C. 
Public Roads Vol. I, No. 1. Automobile Registrations,  Li- 

censes, and Revenues in the 
United States, 1917. 

Vol. I, No. 3. State Highway Mileage and Ex- 
penditures in the United States, 
Lie 

Vol. I, No. 11. Automobile Registrations, Li- 
censes, and Revenues in the 
United States, 1918. 

State Highway Mileage and Ex- 
penditures in the United States, 
1918. 

FARMERS’ BULLETINS. 

338. Macadam Roads 
505. Benefits of Improved Roads. 
597. The Road Drag. 

SEPARATE REPRINTS FROM THE YEARBOOK. 

Y. B. Sep. *638. State Management of Public Roads; Its Devel- 
opment and Trend. 5c. 

727. Design of Public Roads. 
739. Federal Aid to Highways, 1917. 

Vol. II, No. 15. 

HB. 

REPRINTS FROM THE JOURNAL OF AGRICULTURAL 

RESEARCH. 

Vol. 5, No. 17, D-2. Effect of Controllable Variabtes Upon the 
Penetration Test for Asphalts and 
Asphalt Cements. 

Vol. 5, No. 19, D-3. Relation Between Properties of Hardness 
and Toughness of Road-Building Rock. 

Vol. 5, No. 20, D-4. Apparatus for Measuring the Wear of Con- 
crete Roads. 

A New Penetration Needle for Use in Vol. 5, No. 24, D-6. 
Testing Bituminous Materials. 

Vol. 6, No. 6, D-8. Tests of Three Large-Sized Reinforced- 
Concrete Slabs under Concentrated 
Loading. 

Vol. 10, No. 5, D-12. Influence of Grading on the Value of Fine 
Ageregate Used in Portland Cement 
Concrete Road Construction, 

Viol. 10; No. 7, D-13. Toughness of Bituminous Aggregates. 
Vol. 11, No. 10, D-15. Tests ofa Large-Sized Reinforced-Concrete 

Slab Subjected to Eccentric Concen- 
trated Toads. 
Ultra-Microscopic Examination of Dis- 

erse Colloids Present in Bituminous 
oad Materials. 

Vol. 17, No. 4, D-16. 

* Department supply exhausted. * Department supply exhausted. 
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